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PREFACE 

This handbook constitutes Part Three of a planned series on Military Pyrotech- 
nics and torms part of the Engineering Design Handbook Series of the Army Mate- 
riel Command. Part Three is devoted to the presentation of data on the principal 
ingredients of pyrotechnic compositions. The information is presented on data 
sheets, representing a total of 128 ingredients. The data presented here have been 
collected from many sources and are intended to facilitate reference and the mak- 
ing o€ calculations by chemists, engineers and physicists in the field of pyrotech- 
nics. A single reference list, showing the main sources of data, is included and 
each reference is keyed in by number tu appropriate entries on the data sheets. 
References that pertain only to a specific data sheet are listed at the end of the data 
sheet under Additional References. 

Part Two, a separate handbook with the same date of publication, deals with 
the problems of safety in the pyrotechnics laboratory and plant, processing proce- 
dures and equipment, particle size procedures,  and contains a glossary of terms. 

Part One, under preparation at tne time of publication of Parts Two and Three, 
will   deal  with the physical  and  chemical  theoretical aspects  of the production of 
pyrotechnic   effects,  and  the   application  of the theory  to practice.    Ic will alco in- 
clude LL history of the pyrotechnic  art and an extensive bibliography. 

^ future volume, currently in the planning stage, will be devoted to discussion 
of methods used in the evaluation of pyrotechnic items, determination c£ their com- 
pliance with the requirements of the using services, special equipment and proce- 
dures which are followed in tests and evaluation, and considerations affecting the 
interpretation of results. 

Material for Parts Two and Three was prepared by McGraw-Hill Book Company 
for tne Engineering Handbook Office of Duke University, prim'e contractor to the 
Army Research Office--Durham. The entire project was under the technical guid- 
ance of an interservice committee, with representation from the Army Chemical 
Center, Ballistics Research Laboratories, Frankford Arsenal, Harry Diamond 
.Laboratories, Picatinny Arsenal, U. S. Naval Ammunition Depot (Crar.e), U. S. 
Naval Srdnance Laboratory, and U. S. Naval Ordnance Test Station. Chairman of 
this committee was Mr.  Garry Weingarten of Picatinny Arsenal. 

Agencies of tne Department of Defense, having need lor Handbooks, may sub- 
mit i-s ^uisitions or official requests directly to. Equipment Manual Field Office (7), 
LetterKenny Army Depot, Chambersburg, Pennsylvania. Contractors should sub- 
nut such requisitions or requests to their contracting officers. 

Comments and suggestions on this handbook are welcome and should be ad- 
dressei to Army Research Office--Durham, Box CM,  Duke Station, Durham, North 
Carolina 27706. 
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a. 

abs. 
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addnl. 
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Ann.   Physik 

app. 

approx. 

A. S. T. M. 

at. 

av. 

atm. 
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Ber. 

B. M. 

B. P. 

b. p. 
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length of side (X-ray data) in Angstrom units 

absolute 

Acta Chemica Scandinavica (Copenhagen, Denmark) 
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Bureau of Mines, Dept.  of the Interior 
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*Abbreviations and symbolsinthe following data sheets generally correspond to those in 
Chemical Abstracts. 
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c. f. m. 

Chem. Eng. Prog. 
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;onipn. is) 

Compt . rend 
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concn. 
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cryst. 
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decomp. 
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British Chemical Abstracts 
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Sciences,  Paris, France 

concentrated 
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crystalline 
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density 

derivative differential thermal analysis 

decomposes 

dilute 

dilution 
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equiv,    . 

est. 

estd. 

f-p. ITS. 

HC 

HE 

ICC 

l.C. T. 

Ind.  Eng.   Chem. 

insol. 

i. v. 

J. Am. Chem.  Soc. 

J. Am.  Ceram.  Soc. 

J. Appl.  Polymer.   Sei. 

J.   Chem.   Phys. 

J.  Chem.  Soc. 

J. Colloid Sei. 

J.  Electrochem.   Soc, 

J.   Franklin Inst. 

J.  Phys.   Chem. 

J< Research NBS 

J, Soc. Dyers Colourists 

k- 

Kcal. 

differential thermal analysis 

equilibrium 

equivalent 

estimate 

estimated 

feet per mirute 

gram(s) . ^ 
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high explosive 

Interstate Commerce Commission 
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Industrial Engineering Chemistry 
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Journal cf the American Chemical Society 

Journal of the American Ceramic Society 

Journal of Applied Polymer Science 
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Journal of the Chemical Society (London) 

Journal of Colloid Science 
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Journal of the Franklin Institute (Philadelphia) 

Journal of Physical Chemistry 

Journal of Research of the National Bureau of Standards 
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mol. molecular 
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NG nitroglycerine 

OSM Ordnance Safety Manual 

P.A. Picatinny Arsenal 

PAIR Picatinny Arsenal Technical Report 

pdr. powder 

powd. powdered 

p. p. m. parts per million 

press. pressure 

Proc.  Roy.  Soc. Proceedings of the Royal Society (London) 
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Rec, trav.  chim. 

Rev. 
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R. T. 
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si. 

sol. 

soly. 

spec. 

sp. gr. 

S.P.L 

stat 

S. T. P. 
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tech. 

temp. 

TGA 

Trans.   Faraday Soc. 
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ACETONE, (CH3)2CO 
(DiiiH-thyl Kptone, ß-Kelopropane, 2-I'ropanone, Pyroacet/e Ether) 

Structural Formula: 

Specification No. : 

Molecular Weight: 

Crystalline Form : 

Color: 

Density,  g./ml. : 

Coefficient of Thermal Expansion, cubical at 20°C: 1.487 X 10* 
cubical atO-54°C :Vt=V0 (l + 1.3240t» +3.8090tr« -0.87983t8) 

0 

HjC-C-CH, 

JAN-A-489 

58.08 

liquid 

colorless 

(liquid) 0.792 at 4-20°C 

Heat of Formation, Kcal./mole at 298°K: 
Free Energy of Formation, Kcal./mole at 298°K: 
Entropy, cal./deg./mole at 298°K : 

at BP. (ideal gas) : 
Melting  Point: 
Heat of Fusion, cal.(15°)/g, : 
Boiling Point : 
Heat of Vaporization, cal./g. at 56.1°C : 

cal./mole : 
Transition Point: 
Heat of Combustion, Kcal./mole at 20°C and 

1 atm.: 
Heat of Sublimation: 

(liquid) -59,240 
37,120 
47.9 
72.7 
177.5°K (-95.5°C) 
23.4 
329.5°K   (56.5°C) 
124.5 
6952 + 1 

426.8 

Autoignition Temperature, in air :                              700°C 
1118°F 

Enthalpy Change of Enolization at 25°C : 
Me,C0 (liquid)-*CH5--CMeOH (liquid) Kcal./mole : 

HEAT CAPACITY OF ACETONE 
Set I, Reverse-flow Calorimeter, 760 mm. 

71 
75 
Addnl. Ref. 2 
7 

Addnl. Ref. 1 

t. "C 
T, "K 
c,, cal./g./dejr. 
C, cal./mole/deg. 

61 
334 

0.375 
21.8 

75 

0.374 
21.7 

90 
363 

0.380 
22.1 

105 
378 

0.384 
22.3 

t,"C 
T,°K 
c„. cal./g./deg. 
C|, cal./mole/deg. 

120 
393 

0.390 
22.7 

135 
408 

0.398 
23.1 

155 
428 

0.416 
24.2 

165 
438 

0.420 
UA 

Ref& 

1 
1 

Addnl. Ref. 4 
Addnl. Ref. 5 
Addnl. Ref. 5 
Addnl. Ref. 6 
1 
1 
1 
1,42 
Addnl. Ref. 7 



Acetone, (CH3)2CO (page 2) 

Set II, Direct-flow Calorimeter, 760 mm. 

t,°C 
T,"K 
c,,. cal./g./deg. 
C„. cal./mole/rieg, 

59.4 
332.6 

0.376 
2L.8 

74.6 
347.8 

0.374 
2L.7 

99.1 
372.3 

0.380 
22.0 

149.4 
422.6 

0.406 
23.6 

See also Addnl. Ref. 8 

Decomposition Temperature and Products: Between 506" and 632°C, the prod- 
ucts of decomposition are about Vä saturated hydrocarbons and hydrogen, 
Vz CO, and the remainder C02 and ethylene. 

Vapor Pressure : 

Press.". 1 10 40 100 400 760 M.P. 

Temp. °C -59.4 -31.1 -9.4 +7.7 39.5 56.5 -94.6 

X-Ray Crystallographic Data :   
Interatomic Distances and Molecular Configuration 

C-C    1.57+0.04A <C-C-0    123° 
C-0    1.14 Planar 
C-H   1.09 

Hygroscopicity :   
Solubility Data: Miscible in all proportions with water, alcohol, ether. 

Soluble in chloroform. 
Health Hazard : Prolonged or repeated inhalation or contact may have a variety 

of harmful effects although cases of serious poisoning are rare. Also has a 
narcotic effect, usually not chronic. 
M.A.C.: 1000 

S afety Classifications: 
OSM : Class I, flammable liquid (flash point below 20°F) 
ICC :   Listed under "Explosives and Other Dangerous Articles" as a flam- 

mable liquid ; red label 
Underwriters' Laboratory : 90 (gasoline class) 

Fire and Explosion Hazard: Dangerous when exposed to flame. The vapors 
form an explosive mixture with air; explosive range {% acetone by 
volume) 2.55 to 12.8%. Can be ignited by an electric spark. Reacts vigor- 
ously with oxidizing materials. Forms an explosive mixture with high con- 
centrations of hydrogen peroxide. To fight fire use water, carbon dioxide, 
dry chemical, or carbon tetrachloride. For precautions in storage, handling, 
and dispensing, see Refs. 26 and 14. 
Caution: Keep away from fire. 

Electrostatic Sensitivity : Readily ignited by static discharge. 
Use in Pyrotechnics : as a solvent 

Additional  References: 
1)  "The Heat Capacity of Organic Vapors. VI. Acetone, 

J. Am. Chem. Soc. 72,2929 (1949) 
B. Collins et al.. 

52V1, 
Addnl. Ref. 3 

55,85 

12, 25, 29,14 

12,25,26, 14, 
12V75 

14 



Acetone, (dfa):>CO (page 3) 

2) "The Heat of Hydrolysis of i-Propenyl Acetate and m-Cresyl Acetate 
and the Heat of Enolization of Acetone," S. Sunner, Acta Chem. Scand. 
;7.1757  (1957) 

3) "Thermal Decomposition of Acetone in the Gaseous State," C. N. Hin- 
shelwood and W. K. Hutchison, Proc. Roy, Soc. A iii 245 (1926) .Ab- 
stracted in Br, Chem. Abstr. 

4) "Ecee Energies of Some Organic Compounds," G. S. Parks and H. M. 
Hoffman, The Chemical Catalogue Co., New York   (1932) 

5) "The Heat Capacities of Isopropyl Alcohol and Acetone from 16° to 
298°K and the Corresponding Entropies and Free Energies," K. K. 
Bally, J. Am. Chem. Soc. 51,1145 (1929) 

6) "The Entropy of Acetone and Isopropyl alcohol from Molecular Data. 
The Equilibrium in the Dehydrogenation of Isopropyl alcohol," S. C. 
Schumann and J. G. Aston, J. Chem. Phys. 6,485 (1938) 

7) "The Thermodynamic Properties of Acetone," ft. Pennington and K. A. 
Ifcbe, J. Am. Chem. Soc. 79,300 (1957) 

8) "Estimation of the Heat Capacities of Organic Liquids," A. Johnson 
and Chen-Jung Huang, Can. J. Technol. 33,421  (1955) 

./ 



ALCOHOL, C.H.OH 

(Ethyl Alcohol, Ethanol, Methyl Carl.inul, 
Spirit of Wine, Grain Alcohol, Ethylic: Alcohol, 

Rectified spirit =90-95% alcohol) 

Specification  No. : MIL-E-463A 
The specification covers grades 1,2, 5, and 6, of which only grade 2 (min. 
91.9r; alcohol by vol.) is used in pyrotechnics. 

Molecular Weight 
Crystalline Form : 
Color: 
Density, g./ml. 

46.07 
liquid 
colorless 
(liquid) 0.7893 

Coefficient of Thermal Expansion, cubical at20°C:1.12x 103 

Vt =V«, (1 + 1.012 s +2.20 X 1(H) (for 99.374 by vol.) 
Heat of Formation, Kcal./mole at 298°K 

See Table a 
Free Energy of Formation, Kcal,/mole at 293°K: 

See Table a 
Entropy, Kcal./mole: 

See Table a 

(gas)    -56.24 
(liquid) -66.356 

(gas)     -40.30 
(liquid) 4 1.77 

(gas)       67.4 
(liquid)   38.4 

ENTROPY, FREE ENERGY, AND RELATED QUANTITIES 
ETHYL ALCOHOL IN THE IDEAL CAS STATE AT 

1-ATMOSPHERE PRESSURE 
(E£ = -52,260cal./mole •) 

Rrfs. 

1 
27 
1,41 
9 

Addnl. Ref. 5 

.(H^L)        s< AF° log„.K 

IK. 

cal./deg, ' 
mole ' 

cal./deg. -A F°/R.T. 
mole ' caL/mole-1 cal./mole ' 2.3026 

66.45 68,440 -40,010 29.329 
66.56 68,560 -39,910 29.075 
72.11 75,500 -34,310 18.749 
77.12 82,970 -28,470 12.447 
81.76 90,920 -2'2,490 8.191 
86.08 93,310 -16,390 5.118 
90.12 108,130 -10.230 2.796 
93.92 117,330 -4030 0.980 
97.48 126,910 +2190 -0 479 

100.85 136,830 8430 -1.675 
101.04 147,080 14,680 -2.673 
107.06 157,650 20,920 -3.517 
109.94 168,500 27,170 -4.239 
112.67 179.640 33.410 -4.867 

298.16 
300.00 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 

54.27 
54.34 
58.11 
61.42 
64.43 
67.22 
09.81 
72.31 
74.65 
76.88 
79.0'J 
S1.07 
S3-.03 
84.9li 

A Fc and K are the ftce energy change and equilibrium constant, respec- 
tively, for the reaction forming ethyl alcohol from its elements in their standard 
states «I T K. 



Alcohol, C.H.OII (page 2) 

Melting Point: 158.6°K (- -114.5°C) 
Heat of Fusion, Kcal./mole : 1.200 
Boiling Point: 35i:7°K (78.6°C) 
Heat of Vaporization, Kcal./mole ; 9.22 
Transition Point : 

Heat of Sublimation: 
Heat Content or Enthalpy: 

See Table b 
Heat Capacity, cal./deg./mole at 298°K : (liquid) 26.64 

See also Addnl. Refs. 2 and 5 and Table b 

b. HEAT CAPACITY AT CONSTANT PRESSURE, HEAT CONTENT, AND 
RETATED QUANTITIES OF ETHYT ALCOHOL IN THE 

IDEAT GAS STATE 
(EO=- 52,260 cal./mole ') 

T H° - E8 
T H° AH° * cP° 

°K cal./deg. 1 

mole' cal./mole i         cal./mole ' 
cal./deg.'1 

mole-1 

298.16.   . . . 12.18 -48,630 -56,240 17.59 
300.00 .... 12.22 -48,600 -56,260 17.66 
400     14.00 -46,660 -57,250 21.00 
500  15.70 -44,410 -58,110 24.09 
600      17.33 -41,860 -58,780 26.81 

700      18.86 39,060 -59,320 29.18 
800  20.28 -36,030 -59,710 31.25 
900  21.61 -32,810 -60,000 33.07 

1000      22.83 -29,430 -60,200 34.66 
1100   . .   ... 23.97 -25,900 -60,320 36.06 

1200  25.02 -22,240 -60,370 37.28 
1300  25.99 -18,470 -60,350 38.34 
1400  26.91 -14,590 -60,250 39.27 
1500  27.75 , -10,630 -60,190 40.08 

* i H° is the enthalpy of formation of ethyl alcohol from its elements in 
their standard states at the temperature T. 

Decomposition Temperature: 
Decomposition Products:' burns to C03 and H20 

Addnl. Ref. 5 



AUohoi, C.IIr.OH (page 3) 

Vapor Pressure: 

 Press, mni 10 40 100 400 760 M.P. 
Temp. °C -31.3__-2.3 +19.0 34.9 63.5-      78.4 -112 

X-Ray Crystallographie Data :   

Hygroscopicity:   
Solubility Data: Miscible with water and many organic solvents in all propor- 

tions. 
Health Hazard : It is nor;considered an industrial poison, although large doses 

cause nausea, vomiting, impaired perception, lack of coordination, stupor, 
and oven death. Habitual use may cause gastritis, delerium tremens, hal- 
lucinations, peptic ulcers, and hepatic cirrhosis. 
Exposure to concentrations of 5000-10,000ppm. irritates the eyes and 
mucous membrane:;. Inhalation produces the same symptoms as ingestion. 
M.A.C.: 1000 

Safety Classifications : 
OSM: Class I 
ICC :   Listed under "Explosives and Other Dangerous Articles." Flam- 

maole liquid • red label. 
Fire and Explosion Hazard : Readily ignited by flame or static electric discharge. 

Forms explosive misture with air. 
Explosive limits in air: 
Flash point : 

Autoignition temperature : 

3.28 to 19% alcoholbyvol. 
55°F 

799°F (95% ale.) 
738°F (100% ale.) 

For proper storage and handling see Refs. 
To right fire use CCy. dry chemical, or CC14. 

Electrostatic Sensitivity : Can be ignited by static electrical discharge. 
Hpit of Combustion, Kcal./mole at 20"C 

and 1 atm.: 

Viscosity, centipoises at 20   I" 
(for abs. alcohol) : 

Surface Tension, dynes/cm. at 20' C 
'!• i   ",l,s. alcohol) : 

Use  in   Pvi'Vedwilcs: 
See Sp<-:.:. JAN-3-732 

327.6 

1.22 

22.5 
for shellac solutions 

Additional liei'jr menu: 
1)  "Th 'rnioriyn^mi.   P- m-rties of Ethyl Alcohol," R. C. Reid and J. M 

:5mith. Chen.. Et K P-ogr. >,7. 415 (1951) 
2i   "Estimation of The I'oat Capacities of Organic Liquids," A. Johnsoi 

;-.;i" C'-i 'ii-.Tunp Hurt <*, Car. J. Techno'. .',.). \\'.\  '1955) 

L 

L2, 25, 26V1, 
29 

14 

12, 26, 14, 91 

14 

1 

Addnl. Ref. 6 

Addnl. Ref. 6 



Alroliol, «II «HI I pup«-   t) 

:>)  'lira' Capacities «f «:, ;. Aliphatic Alcohols," C. Sini.c and T. !><Vi lea. 
,I. Am. cium Soc. ?r>. ixir> (is»r>:;> 

1)  "Kthyl Alcohol," IT. S. Industrial Chemical Co., Division of Nation;)] 
Distillers and Chi'mical Corp., New York (i960) 

r.)   F. Brickueddo e«. al-, J. Research NRS J7. 270 (1946} 
(thermodynamic .lata) 

6)  'The Technology of Solvents and Plasticizers." A. K. Doolittle, John 
WiU-y *L Sons, N< w York (1954 < 



ALUMINUM, Al 
(Aluminum) Refs. 

Specification Mo.: JAN-A-667 

The specification covers three types, which vary in purity, and fivect 
which vary in granulation and apparent density. 
Type A—flat flakes manufactured by grinding or stamping. 
Type B—granular or spheroidal particles manufactured by the atomizing 

process or by grinding. 
Type C-granular or spheroidal particles manufactured by the atomizing 

process. 
Molecular Weight: 26.98 

18.35 X 10-" 
25.5   X 10-* 

23.14 X IP* -191 to 4- 16 40 
31.50 X 10« 20 600 

5 
5 
5 
5 

5 
5 
5 
5 

5 
4,5 



Aluminum, Al (page 2) 
a. HEAT CONTENT AND ENTROPY OF Al(c, 1) 

(Base,crystals at 298.15°K; atomic wt., 26.96) 

T. °K HT — Hjjja.ia ST — SSM.IO 

cal./mole cal./deg. 
mole 

400 600 1.72 
500 1230 3.14 
600 1890 4.34 
700 2580 5.40 
800 3310 6.33 
900 4060 7.26 
932 (c)   . 4280 7.50 
932 (1)     ■ 6850 10.26 

1000 7330 10.75 
1100 8030 11.42 
1200 8730 12.03 
1300 9430 12.59 
1400 10,130 13.11 

T,°K HT — HM8 .15 

cal./mole 
ÖT — SMH.IS 

cal./deg. 
mole 

1500  10,830 
1600  11,530 
1700  12,230 
1800   12,930 
1900   13,630 
2000  14,330 
2100  15,030 
2200  15,730 
2300  16,430 
2400  17,130 
2500  17,830 
2600  18,530 
2700  19,230 

13.59 
14.04 
14.46 
14.85 
15.24 
15.60 
15.94 
16.27 
16.59 
16.83 
17.16 
17.44 
17.X 

Al(c) : 
Enthalpy : HT -H208.1B =4.94T + 1.48 X 10 *T2 - 1604 (0.6percent ;298° -932°K) 
Heat Capacity :C„ = 4.94 -f 2.96 X 10 8T ;   A H8S2 (fusion) = 2570 

Al (I)  : 
Enthalpy:HT -H298.15 = 7.00 + 33G (O.lpercent ;932° -2700°K) 



Aluminum, N. (page 3) 

b HEAT CONTENT AND ENTROPY OF Al(g) 4 
(Base, ideal gas at 298.15°K; atomic wt., 26.98) 

T,°K HT — HJM.IS ST~ SJ«I. E T ,°K HT -HJ^.IJ ST— 02M.1» 
cal./mole cal./deg. 

mole 
cal./mole cal./deg. 

mole 
400   .... 515 1.49 1900 7995 9.27 
500    ... . 1020 2.62 2000 8490 9.53 
600  1620 3.53 2200 9485 10.00 
700   .... 2020 4.30 2400 10,480 10.43 
800    ... . 2520 4.97 2600 11,470 10.83 
900    .... 3020 5.55 2800 12,470 11.20 

1000    .... 3515 6.03 3000 13,460 11.54 
1100    .... 4015 6.55 3500 15,950 12.3L 
1200   .... 4515 6.99 4000 18,440 12.93 
1300  .... 5010 7.33 4500 20,950 13.57 
1400   .... 5510 7.75 5000 23,490 14.10 
1500   .... 6005 8.10 6000 28,790 15.07 
1600   .... 6505 8.42 7000 34,640 15.97 
1700   .... 7000 8.72 8000 41,440 16.87 
1800   .... 7500 9.00 

Al(g): 
Enthalpy :HT- -H„8.ls = 4.97T -0.12 x 10*T > - - 1442 (0.1 percent; 298° - 5000°K) 
Heat Capacity :CP =4.97 +0.12 X 105T2 

c HEAT CAPACITY OF , \LUMI ̂ fUM* > 

Solidfrom298°to93 2°K 
Liquid from 932° to 2720°K 
Gas from 2720° to 30C K)°K 

T,°K C^ (cal./deg./mole) 

298 5.82 
400 6.12 
600 6.72 
800 7.3L 

1000-2700 7.00 
2800-3000 4.97 

*See also C, equations directly above 

Decomposition Temperature: 
Decomposition Products: 

Vapor Pressure: 

Press, mm. 1           10 40       100 400 760        M.P. t 
Temp. °C 1284        1487 1635    1749 1947 2056        660 

10 



Aluminum, ÄP (page !•) 

X-Ray Crystallographic Data : 
System Space croup a 
cubic °h 5.43A 

Hygroscopicity, cumulative increase in weight after 

Molecules/Unit Cell 
4 

A to-mized 
55.2% 
50.2% 
47.8% 

Stantped 
0.6% 
0.0% 

-1.4% 

Storage over H2ö for 29 days : 
Storage over H2S04 for 29 days : 
Two days in oven at 105°C : 

solubility Data :In alkali; hydrochloric, 
sulphuric acids: soluble 

In nitric acid, acetic acid : insoluble 
Health Hazard : None. Not usually considered an industrial poison. Aluminum 

dust can irritate the eyes. Inhalation of dust may cause chronic pulmonary 
disease. 
M.A.C. : 50 million particles/ft.3 

(15mg./m.s) 
Safety Classifications: 

OSM : Class 1. Class 2 when not packed or stored in original shipping con- 
tainers or equivalent (types I and II). 
U.N.: Inflammable solid, which in contact with water emits flammable gas. 

Fire and Explosion Hazard: Dust may ignite when exposed to heal of flame. 
May ignite by chemical action with oxidizers. Powder easily ignited or 
initiated to explosion by discharges of static electricity. See Electrostatic 
Sensitivity below. 
Caution: Keep water away. Evolution of hydrogen gas may result in explo- 
sion. When compounded with oxidizing agents, the powdered metal is a 
dangerous fire and explosion hazard.  Special mixtures of dry chemicals 
should be used to fight aluminum fines. 
See also Ref. 86 

Electrostatic Sensitivity : Minimum energy required for ignition of powder by 
electric sparks (millijoules) 

Atomized: 
*   Stamped: 

Dust Cloud 
15 
10 

Dust Layer 
2.5 
1.5 

Ignition Temp, of Al powders, °C: 
Dust Cloud 

640 
550 

Dust Layer 
750 
470 

mg./l. 

Atomized : 
Stamped: 

Minimum Explosive Concentration, 
Atomized : 
Stamped: 

Used in Pyrotechnics : Aluminum is used as a fuel. It produces ah intense white 
light on burning, but no distinctive flame coloration. 

Additional References: 
1)  Ref. 64 

40 
35 

51 

12 

25 

14 

15 
12,14, 49, 51 

26 

26 

26 

17,20 
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ALUMINUM OXIDE, Al,Os 

(Alumina, a-Alumina, Corundum, Alundum) 

Percent Oxygen : 
Specification Nb. : 
Molecular Weight 
Crystalline Form 
Color: 
Density,   g./mL : 

47.08 
MIL-A-10825 
10L.96 
hexagonal 
colorless 
(solid)   3.99 
(liquid) 2375-2625°K 
5.632-1.127 X 10-^T 

Alumina may exist in several forms at low temperature, but they are all 
converted to a.aiumina (corundum) by heating above 1600°C. The change 
is irreversible. 
/9-Alumina is an impure form that occurs from sodium or potassium alu- 
minate. 

Form Crystalline       Density 
Structure J Source 

Temp, of Trans- 
formation to 
corundum, °C 

7 

y 

e 

hexagonal 
spinel type 

cubic 

hexagonal 

cubic 
octahedron 

3.965 

3.619 

2.40 

3.6 

dehydration, of y 

(hydrous) AlaOs 
electrolytic oxi- 
dation of A) 
dehydration of 
A1CV6HS0 
electron diffraction 
from lithium melts 

stable form 

> 1200 

750-1000 

950 

> 1600 

Coefficientof Thermal Expansion, linear for alundum, 
25°-900°C: 8.7x10"« 

Heat of Formation, Kcal./mole : (corundum)a(c)399.09 
e     TU1 y(c) -384.84 
See Table a 

Free Energy of Formation, Kcal./mole at 298°K :   (corundum)-376.77 
See Table a 

Refs. 

1 
1 
31A 
Addnl. Ref. 5 

31 
9 
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Aluminum Oxide, A1203 (pugr 2) 

Heat and Free Energy of Formation: 
a. HEAT AND FREE ENERGY OF FORMATION OF 

AlaOj  (CORUNDUM) 

T, °K .                 A H (cal./mote) A F" (cal./mole) 

298.16 .   .. .                  -399,600 (± 900) -377,300 (+900) 
400                 -399,700 -369,600 
500                 -399,600 -362,100 
600                  -399,500 -354,600 
700                 399,200 -347,100 
800                 -399,100 -339,700 
900                 -398,900 332,300 
931.7    ....                 398,800 -329,900 
931.7   ....                 -403,900 -329,900 

1000                 -403,700 -324,600 
1100                     -403,400 -316,700 
1200                  -403,000 308,800 
1300                 ^402,600 -300,900 
1400                 -402,300 -293,100 
1500                 -401,900 -285,400 
1600    ....'.                -401,500 -277,600 
1700                 -401,200 -269,900 
1800                      -400,800 -262,200 
1900                     -400,400 -254,500 
2000                  -400,100 -246,800 

Phase Changes of ^febaL 
M. P, 931.7°K ;A H = 2570cal./g.-atom 

Free Energy Equations: 
Reaction Range of Validity, °K 

1) 2Al(c) + 3/202(g) =A1203 (corundum) 298.16 to 931.7 
AF£ =-404,480-15.68T log T +2.18 (10 *T2) +3.935 (10*T l) + 123.64T 

2) 2A1(1) +3/202(g)=Al203 (corundum) 931.7to 2000 
a F°-= -407,950-6.19TlogT-0.78 (10"3T2) +3.935 (105T ») +102.37T 

Entropy at 298°K, cal./deg./mole (corundum) : 12.186 
See Table b 

Melting  Point: 2313°K (2040°C)                   9 

Heat of Fusion, Kcal./mole : 26.0                                         9 
Boiling Point: 2523°K (2250°C)                   1 

corundum (a-alumina) 3773°K (3500°C)                   1 
Heat of Vaporization :   

13 



Aluminum 0\i<!«', AM>:1 (page 3) 

Ti'iii. -.-' ion ''nut: 
.leal •>!' Transition: 
:leat of Sublimation 
Heat Content or Enthalpy: 

>K H-T — H2 ST — S20 T,°K HT — H jftH.ir. ST—02 

-100               2150 6.17 1300        27,730 38.87 
500                1580 11.59 1400             30,800 41.11 
600                7200 16.36 1500        33,890 43.27 
700                <>960 20.61 1600        36,990 45.27 
80O             12,810 24.42 1700         40,100 47.16 
900    .....         15,720 27.84 1800 ■        43,220 48.94 

1000             18,670 30.95 1900        46,350 50.63 
1100   ...          21,660 33.80 2000        49,490 52.24 
1200       ....        21.680 36.43 

Al203(c): 
Enthaipy: HT-H,S8.„ =27.49T + 1.41 X 10-»Ta +8.38 X lOT"1 - 11,132 

(0.5percent; 298" - 1800°K) 
Heat Capacity :0P = 27.49 +2.82 X 10*T-8.38x 106T3 

Heat Capacity, cal./deg./mole : (solid) 18.88 4,9 
See Table b for equation 

Decomposition Temperature: 3800°K ± 200 8 
Decomposition Products: 2A10 (gas) +0 63 

For DTA see Addnl. Ref. 4 
Vapor Pressure: 

Press, mm.     1             10 40           100         400         760         M.P. 
Temp. °C     2148        2385 2549       2665       2874       2977       2040 

X-Ray Crystallographic Data (a ■corundum) : 

System             Space Group a                   c        Molecules/Unit Cell 1 
hexagonal                  "M 5.56A           22.55A                  2 

Hygroscopicity : Powdered A130S readily absorbs moisture from the air. 29 
Solubility Data : 

In water at 29°C : 0.000098 g./lOO g. 1 
In hot water: insoluble 
In acids and alkalies: very slightly soluble 

14 



Aluminum < Kide, Al20.i ; pa^e 4) 

Health H-jzurci : High concentrations of dust may be irritating to the respira- 
tory Lraet and cause Shaver's disease, 
M.A.C. :50million particles/ft.3 

Safety Classifications :   

Fin- and Explosion Hazard:   

Electrostatic Sensitivity"   

Use in Pyrotechnics: A small amount of alumina added to powdered red phos- 
phorus maintains it in a free flowing condition and free from lumps. 
Aluminum oxide is formed when aluminum or any of its compounds are 
burned in air. or in a sufficient amount of oxidizer or oxygen. 

Additional References: 
1) A. D. Man, J. Phys. Chem. 62, 572 (1957) (gives the value for Heat of 

Formation as -400.48 ±. .25 Kcal./mole) 
2) "The Gaseous Species of the A1-A1203 System," L. Brewer and A. 

Searcy, J. Am. Chem. Soc. 73,5308 (1951). (disassociation pressures) 
3) Ref.   64 
4) "Differential Thermal Analysis of Organic Compounds," A. T. Perkins 

and H. L. Mitchell,Trans. Kansas Acad. Sei. 60,437 (1957) 
5) "The Density of Liquid Aluminum Oxide," A. D. Kirshenbaum and J. A. 

Cahill, J. Inorg. Nucl. Chem. 1-4,283 (1960) 

29 

12 

Spec.MIL 
10825 
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I-AMINOANTHRAQUINONE, CMH,NO, 
(l-Amino-9,10-[)thydro-9,10-Dioxoanthracene ; 

Fast Red Al; a-Anthraquinonylamine, C.I. 37275, Azoic Component 36) 

0 
II 

NH2 
1 r *T* T*l I 

ii 
•U 

0 
Structural Formula : 
specification No.: MIL-D-3698 
Molecular Weight: 223.23 
Crystalline Form : needles 
Color: red 88V14 

Density : 
Coefficient of Thermal Expansion : 
Heat of Formation: 
Free Energy of Formation: 
Entropy :   

Melting Point : 525°K (252°C) 1 
526°K(253°C) 84 

Heat of Fusion: 
Boiling Point: sublimes 1,88V14 

Heat of Vaporization, Kcal./mole at 298°K 
and 1 atm.: 28.7 ±0.1 Addnl. Ref. 1 

Transition Point: 
Heat of Sublimation:   

Heat Content or Enthalpy: 
Heat Capacity :   

Decomposition Temperature : 
For DTA and TGA see Ref. 81   

Decomposition Products:   

Vapor Pressure :   

X-Ray Crystallographic Data: 
For absorption spectra see Ref. 66 

Hygroscopicity : 
Solubility Data : Addnl. Ref. 2 

In water, g./100 g. at25°C : 0.00004 1,28,88V14 
at80°C : 0.0009 and V17 

In ether, chloroform, benzene : soluble 
In glacial acetic acid, 11. atll.5°C : dissolves 3.3 g. 

Refs. 

L, 84,48A 
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1-Aminoanlhraquinone, C^HJNOJ (page 2) 

In 92-96% H2SO< : 

In oleum, 20% SOa: 

dissolves with 
yellow color 
dissolves with 
red color 
dissolves In concentrated HC1 : 

Health Hazard :   
Safety Classifications: 

. OSM: not listed 
ICC: not listed 

Fire and Explosion Hazard:   
Electrostatic Sensitivity :   

Ute in Pyrotechnics:   Tfo color smoke mixtures red. Used in orange smoke 
mixtures. 

Additional References : 
1) "A Radioactive Ionization Gauge and its Application to the Measure- 

ment of Latent Heat of Vaporization," J. H.Beynon and G. R Nichol- 
son, J. Sei. Instr, 53,376 (1956) 

2) J.Soc. Dyers Colourista 70,68-77 (1954) 

17 



AMMONIUM NITRATE, NH4NO, 
Percent Oxygen: 60 
Specification No.: JAN-A-175 

. The specification covers grade I and grade II, which differ slightly in pur- 
ity. Grade I has three classes differing in granulation. 

Molecular Weight: 80.05 

Crystalline Form: Five forms as follows: 

Designation System Range °C 

I (e) 
II (S) 

III (y) 
IV (ß) 
V (a) 

regular (cubic) (isometric) 
rhombohedral or tetragonal 
orthorhombic 
orthorhombic 
tetragonal  

125.2 to 169.6 
84.2 to 125.2 
32.1 to  84.2 
-16 to   32.1 
-18 to-16 

Color: 
Density,  g./ml. 

colorless 
(solid) 1.725 at 25° C 

1.594 at 130±5°C 
S 1.666 at 93±5°C 
y  1.661at40±l°C 
ß 1.725 at+25°C 
a 1.710at-26±5°C 

Coefficient of Thermal Expansion: 

Coeff. X 10«                    677 852 920 982 1069 1113 
TemD. °C                        -60 -20 0 20 60 100 

Heat of Formation, Kcal./mole at 298°K: 

Free Energy of Formation, Kcal./mole at 298°K 
Entropy, cal./deg./mole at 25°C : 

See Table a 
Melting Point : 
Heat of Fusion, Kcal./mole : 

Boiling Point: 

Heat of Sublimation : 

(c) -87.27 
-87.93 

(c) -43.82 
36.0 

442.8°K (169,7°C) 
1.3 
1.53 
decomposes at 483°K 

(210°C) 

Refs. 

1,43 

44 

9 
1A 
Addnl. Ref. 11 
Addnl. Ref. 11 

Addnl. Ref. 9 
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Ammonium Nitrate, NH4NOs (page 2) 

a. HEAT CONTENT AND ENTROPY OF NH<NOj(c, 1) 
(Base,*-crystals at 298.15°K) 

T,°K HT — Hjjg.is 
cal./mole 

ST -02*8.15 
cal./deg. 

mole 

T,°K 
cal./mole 

ST — SjM.is 
cal./deg. 

mole 

305.3 (a) 
305.3 (ß) 
325 ..  . 
350   .. . 
357.4 (ß) 
357.4 (y) 
375 .. . 
398.4 (y) 

240 
620 

1180 
1890 
2100 
2420 
3020 
3820 

0.80 
2.04 
3.82 
5.92 
6.52 
7.41 
9.05 

11.12 

393.4 (5) . 
400.. . . 
425 ... . 
442.8 (8). 
442.8 (1) . 
450 ... . 
500 ... . 
550 ... . 

4830 
4900 
6040 
6860 
8160 
8440 

10,360 
12,290 

13.65 
13.83 
16.60 
1S.48 
2L.42 
22.05 
26.09 
29.77 

NH4NO,(«): 
Enthalpy :HT -H2M.16 =33.601'- 10,018 (O.lpercent; 298° -305.3oK) 
Heat Capacity : Cp =33.60 ;A H»».» (transition) = 380 

NH«N03(/J): 
Enthalpy :HT -H2WM5= 23.40 - 8051 (O.lpercent ;305.3° -357.4°K) 
Heat Capacity :CP = 23.40; A VLUi.* (transition) == 320 

NH4NOs(y) : 
Enthalpy : HT -H2M.SB =34.10T -9767 (0.1 percent ;357.4° -398.4°K) 
Heat Capacity : Cp = 34.10 ;A H38g.4 (transition) = 1010 

NH,NOs(S): 
Enthalpy :HT-HMg.,5= 45.601'-13,337(0.1 percent ;398.4° -442.8°K) 
Heat Capacity :CP =45.60 

NH4N03(1): 
Enthalpy :HT -H298.15 = 38.501'-8887 (O.lpercent ;442.8° -550°K) 
Heat Capacity : Cp = 38.50 
Decomposition Temperature, °C : 210 
Decomposition Products: These vary with the conditions of decomposition or 

explosion. Many different equations for the decomposition.reactions are 
given in the literature. Practically all involve oxides of nitrogen. 
For DTA seeRefs. 33,47,and Addnl. Ref. 10 

Dissociation Pressure : 

Press, mm. Hg.      325      7.46    11.55    15.80      27.0      4L.0 KP. 

Temp. °C 188 205       216 223 237       249       169.6 

See also Addnl. Ref. 3 

1,13 
43 

Addnl. Ref. 11 
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Ammonium Nitrate, NII4NOs (page 3) 

b. X-KAY CRYSTALLOGRAPHIC DATA 

Designation System Space 
Group 

Molecules/ 
Unit Cell 

& or I 
8 or II 
y or III 
ß or IV 
a or V 

cubic 
tetragonal 
orthorhombic 
orthorhombic 
rhombic 

4.40 
5.75 
7.06 
5.75 
4.928 

7.66 
5.45 
5.434 

5.00 
5.80 
4.96 
5.732 

1 
2 
4 
2 
2 

R.H.% 

Gain mg./g. 

31 
24hrs. 

0.3 
Equil. 

0.5 

43 

24hrs. 
0.3 

Equil. 
03 

52 

24 hrs. 
0.7 

Equil. 
1.0 

65 
24 hrs.    Equil. 
131.6         

Water Alcohol Nitric Acid Pyridine Acetic Acid 

°C       fr °C        % °C c'c     %HNOa °C % °C  •    % 

0      118 0 45.1       30.0 25 Approx. 16.6     0.0 
20      192 20        2.5 15 73.0     21.7 20-25 27.0      0.39 
40      297 40        5 30 106         20.8 80.9      5.8 
60      421 60        7.5 75 201         31.6 101.0    20.7 
80      580 78      10.5 120.0     125 

100      871 

Solubility, g./100 solvent: 
In ethyl alcohol at 20°C : 3.8 
In methyl alcohol at 20°C : 17.1 
In acetone and NH3 : slightly soluble 

Health Hazard : Average or large doses may cause nausea and vomiting. Mod- 
erately toxic on ingestion or inhalation. 

Safety Classifications : 
OSM : Class 12. "When stored in an area where explosives may be projected 
into the nitrates, the regulations for Class 9 are applicable. When stored 
in an area with fire hazards only and separated by inhabited building dis- 
tances from areas containing ammunition, ammonium nitrate may be 
stored in accordance with the regulations governing the storage of Class 
2 solid propellants." 
ICC : Oxidizing material; yellow label. 

32 

Addnl. Ref. 7 

13 

29 

29,93 
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Ammonium Nitrate, NH4lMOs (pa^e 4) 

Fire and Explosion Hazard : Many disastrous explosions have been attributed 
to ammonium nitrate. Although it is relatively insensitive as a high explo- 
sive by itself, if aliowed to burn unconfined, its tendency to explode in- 
creases with pressure and the presence of oxidizable materials. Contam- 
ination with chlorides, nitrobodies, sulfur, charcoal, metallic nitrates, 
metal powders, petroleum derivatives and oxidizable carbonaceous mate- 
rials sensitizes ammonium nitrate, accelerates its decomposition and in- 
creases the violence of the reaction. Zinc or lead contamination lowers the 
decomposition temperature to below 100°C. Galvanized metals and lead 
solder should, therefore, not be used in the vicinity of ammonium nitrate. 
Fires involving ammonium nitrate should be vented to the greatest possible 
extent because air acts as a diluent for the hazardous gases, minimizing 
the probability of explosion. Fires should be fought with large quantities 
of water but never with steam. 
See aiso Addnl. Ref. 12 

Electrostatic Sensitivity:   
Heat of Combustion, Kcai./mole : 

12,30,14 

Q» = 50.3 
Q|>=49.4 
346 
980 

Heat of Explosion, cal./g.: 
gas volume, cc./g. : 

Heat arid Stability Tests: 
75°C International Heat Teat, % loss 
in 48 hours: 
100°C Heat Test: 

% loss first 48 hrs.: 
% loss second 48 hrs.: 
explosion in 100 hrs.: 

Vacuum Stability Tests, gas evolved in 40 hrs, 
at 100°, 120°, and 150° C: 

Explosion Temperature Test, 5 sec. point, °C : 
Rifle Bullet Impact Test (at density of 1.2 g./ml.) 
Sensitivity to Initiation, g, tetryl needed to initiate : 
Trauzl Test, % TNT: 
Friction Sensitivity : 
Impact Sensitivity : Effect of temperature on ground, C.P.Ammonium Nitrate. 

(10% point) 

0.0 

0.74 
0.13 
none 

0.3 cc. 
ignites at 485 

: unaffected in 100trials 
0.25 
56 
unaffected by steel shoe 

Temp. °C P.A. Impact Test with 
2 kg. weight, in. 

25 
75 

100 
150 
175 

31 
28 
27 
27 
12 

Addnl. Ref. 

13 

13 

13 

13 
13 
13 
13 
13 
13 
13 
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Ammonium Nitrate, INH«N(>:, (jage 5) 

Specific Heat: at°C  -150       -100       -50 0 50        100 13 

cal./g./°C 0.189     0.330     0.364     0.397     0.414     0.428 

Compatibility with Metals:  In the presence of moisture, ammonium nitrate 
reacts with copper, iron, steel, brass, lead, and cadmium. SeeAddnl. Ref. 1 

Utes in Pyrotechnics: as an oxidizing agent 

Additional References : 
1) "Military Explosives," TM-9-T011A-1-34, Departments of the Army 

and the Air Force (1955) 
2) "Investigation of Sensitivity of Fertilizer Grade Ammonium Nitrate to 

Explosion," P. Macy etal., PATR-1658, Picatinny Arsenal, Dover, N.J. 
(1947) 

3) "The Dissociation Pressure and Free Energy of Formation of Am- 
monium Nitrate," A. D. Little, Inc., J. Am. Chem. Soc. 76, (1954) 

4) "On the Thermogravimetry c£ Analytical Precipitates," C. Duval and 
N. Xuong, Anal. Chem. Acta 6,246 (1952) 

5) DTA and TCA, Hef. 33 
6) Ref. 54V2, general reference 
7) "Hygroscopic Properties of Sodium, Potassium and Ammonium Ni- 

trates, Potassium Chlorate and Mercury Fulminate," G. B. Taylor and 
W. C. Ccpe,Met. and Chem. Eng. 15,141 (1916) 

8) L. Medard and M. Thomas, M6m. poudres, 35,155,160 and 172 (1953) 
9) "The Cryoscopic Heat of Fusion of Ammonium Nitrate," A. G. Keenan. 

J. Phys. Chem. 60,1356 (1952) 
10) "Differential Thermal Analysis of the Thermal Decomposition of Am- 

monium Nitrate," A. G. Keenan, J. Am. Chem. Soc. 77, 1379 (1955) 
11) "The Dissociation Pressure and Free Energy of'Formation of Am- 

monium Nitrate," G. Feick, J. Am. Chem. Soc. 76,5858 (1954) 
12) "Investigations on the Explosibility of Ammonium Nitrate," J. J. Burns 

et al., Bur. of Mines, RI 4994 (1953) 
13) "The Thermal Decomposition of Ammonium Nitrate. Steady State 

Reaction Temperatures and Reaction Rate," G. Feick and RM Hainer. 
J. Am. Chem. Soc. 76, 5860 (1954) 
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\MMOMl<'!Vl  PKRUILORATE, NH.CIO, 
Permit Oxygon : 54.47 
Spiriricatimi No.: JAN-A-1% 

Tho specification co\crs two grades which differ in purity and two classes 
which differ in graduation: grade 1 is used in tracers: grade 2 is used in 
HC Smoke Mixture.;. 

Molecular Weight: 
Crystalline Form : 
Color : 
Density, g./ml. : 
Coefficient of Thermal Expansion (cubical) 

117.50 
rhambic 
colorless 

. (solid) 1.95 
l = (l/v)dV/dt 

Temp. °F       -25 0 25 50 75 100       125       150      175 

ß X 10V°F  1.690   1.613    1.538    1.463   1.389   1.316   1.244    1.172   1.101 

decomposes above 
423°K (150°C) 

decomposes before fusion 
decomposes 
rhombic to cubic 

513°K (240°C) 

Heat of Formation, Kcäl./mole at 298°K : -69.42 
Free Energy of Formation, cal./g. at 298°K : -665 

Kcal./mole: -78.14 
Entropy :   
Melting Point: 

Heat of Fusion: 
Boiling funrt : 
Transition Point: 

Ref.72 cities a to ß at 284°C and ß to y at 360°C. 
See also Ref. 47 

Heat oi' Sublimation :   

Heat Content or Enthalpy :   
Heat Capacity :   
Decomposition Temperature and Products : Decomposes at a maintained tem- 

perature at 150°C. Decomposition products are N02 and C102. 
Decomposition begins at 130°C, becoming explosive at 380°C. The decomposi- 

tion varies with the temperature. Below 300°C, decomposition is mainly 
according to the equation : 
4NH4C104-*2C12 +302 + 8HS0 + 2N20 
Above 350° the proportion of nitric oxide increases arid becomes appreci- 
able. Above 350° the following equation represents decomposition : 
10NH4ClO4-»2i/2 Clo + 2N20 + 2% NOC1 + HC104 + 1% HC1 

■f 1834H.O +1%N2 +68/02 
The activation energy for decomposition varies with temperature.   The 
following are several values for activation energy : 29.6 Kcal./mole below 
240°C and 18.9 Kcal./mole above 240°C. Between 400° and 440°C the value 
is 73.4 Kcal./mole. 
For DTA see Ref. 47 

Uefa. 

1 
1 
1 
1 
Addnl. Ref. 4 

9 
13 

20V3 

14 

65. 
Addnl. Refs. 
5,6, 7 

cited by 
Ref. 72 

47 
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Ammonium Perchlorate, NH4CIO4 (page 2) 

Vapor Pressure : 
X-Ray Crystallographic Data: 

System Space Group 
V£8 rhombic 

D'A 

a b e 
9.202 5.816 7.447 
9.13   5.17    7.47 
9.23L 5.813 7.453 

Molecules/Unit Cell 
4 
4 
4 

ihfft'oscopicity : Gain, in mg,/g, of a purified sample at equilibrium at 70° F, 
after equilibrium had been established in a vacuum desiccator: 

R,H.%       65 75 86 93 
Gain mg,/g.     0.5       0.5 0.4 0.8 

Critical R.H.: 87.0% at25°C 
Solubility: In water, g./100 cc. of saturated solution: 

Temp, °C     0 25 60 100 

Sol. 12 20 39 88 

Solubility in Nonaqueous Solvents at 25°C 
Solvent 

acetone 
ethyl acetate 
ethyl alcohol 
ethyl ether 
methyl alcohol 

g./100 g. solvent 
2.26 
0.032 
1.908 
insol. 
6.85 

Health Hazard : Moderate. Irritating to skin and mucous membranes. 
Evolves highly toxic fumes when heated to decomposition. 
Moderately toxic on ingestion or inhalation. 
Weak muscular poison; may cause convulsions. Harmful to thyroid. 

Safety Classifications : 
OSM :   Class I. Class II when not packed in original containers or equiv- 

alent. 
ICC :     Oxidizing material ; yellow label. Listed under "Explosives and 

Other Dangerous Articles." 
Fire and Explosion Hazard : A powerful oxidizer, explodesviolently when heated 

with sulphur, organic matter, or finely divided metals, particularly mag- 
nesium and aluminum. Exploded by shock. HIES involving ammonium 
perchlorate alone may be fought with water. 

Electrostatic Sensitivity :   
Specific Volume :Vt =a   +bt+ct2 

where a= 0.5074 cm. Vg. 
b= 0.819X 10-4cm,Vg./oF 
c = = 0.704x 107cm.Vg./(°F)4 

Addnl. Ref. 8 
97V7 

32 

13 

65,77 

12,65 

93,72 

12,14 

Addnl. Ref. 4 
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Ammonium Perchlorate, NH4CIO« (page 3) 

Fxplosive Data : 65, 72 
Sensitivity: Requires the equivalent of 10 mg. of mercury fulminate or 
an XC-32. Very insensitive as an explosive but more aeneitive than Na, K, 
•and M;? perehlorates. Drop test—min, : 86 in. for an 11-lb. wt. Insensitive 
to severe friction. Heating small quantities does not result in an explosion. 
The temperature developed on explosion is 1308°C and the heat liberated, 
IV14.5 cal./g, 
Brisance: Trauzl load block test, expansion in cc. : 140.2, equivalent to 
one-quarter that of 40'/ö N,C. dynamite. 
Velocity of Detonation, in 60 mm. diameter iron tube and detonated with 
five No. 8 caps ■ 3800 m./see. 

100"C Heul. Twt Vacuum Stability Test 13 
loss first 48 hrs.'f 0.02    cc. of gas evolved from 5g. in 40 hrs. at 
loss second 48 hrs/;'     0.00 100°C 0.13 
explosion in 100 hra.     none 120°C 0.20 

150°C 0.32 
200-Oram Bomb Wand Test, y, sand crushed: 6.0 13 
Sensitivity tc Initiation : requires 0.25 grams of 

tetryl 13 
Explosion Temp, in 5 sec, °C: 435                                          13 
Temperature of Explosion, °C : (est.) 1084                             72 
Impact Sensitivity, 2-kg. weight: 13 

Bureau of Minos app,, cm. (10% point) : 67 
Picatinny Arsenal app., in. (10% point) : 24 
Sample weight, mg. : 24 

Sensitivity to Friction : Bureau of Mines app., steel shoe; 100 trials—no explo- 
sion or ignition, one snap. 72 

Use in Pyrotechnics : as an oxidizing agent 

Additional References: 
1) "The Use of Differential Thermal Analysis for Investigating the Wlart« 

of High Energy Radiation on Crystalline Ammonium Perchlorate," E. 
Freeman and D, Anderson, J. Phys. Chan. 63,1344 (1959) 

2) "Apparatus for Observing Physical Changes at Elevated Tempera- 
tures," V. Hogan and S. Gordon, Anal. Chem. $&, 573 (1960) 

3) "The Thermal Decomposition of Ammonium Perchlorate," L. Bircum- 
shaw and B. Newman, Proc. Roy. Soc. A227,115 (1954); also A**7,228 

(1955) 
4) Report Q PR No. 492, Aerojet General Corporation, Sacramento, Calif. 
5) L. L. Bircumshaw and T. R. Phillips, J. Chem. Soc. 2957,4741 (1957) 
6) "The Crystal Structure of Ammonium PerehJorate-Nr^CKV' K. Ven- 

Katesan, Proc, Indian Acad. Sei, U6A, 134 (1957) 
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ANTHRACENE, C,H,(CHa)aC.H4 
(Green oil, P-Naphthalene) 

Structural Formula: 

Specification No. 
The specification covers a technical grade in 
differ in granulation. 

Molecular Weight: 
Ji-ystalline Fonn: 
Color: 

Density, g./ml. : 
Coefficient of Thermal Expansion, eubical, 

over the range 20-180°C: 
Vta=V, [l-ha^-M+Ädj-tO»] 
where a= 213 X 10 * and 0 = 3.10 X 10T 

Heat of Formation, Kcal./mole at25°C at constant 
pressure : 

Free Energy of Formation : 
Entropy, cal./deg./mole at 298.1°K : 
Melting Point: 
Heat of Fusion, cal. (15°/?.) at 216.55°C: 
Boiling Point: 

Heat of Vaporization, Kcal./mole : 
Transition Point: 
Heat of Sublimation: 
Heat Content or Enthalpy : 
Heat Capacity : 
Specific Heat: 

JAN-A-202 

two classes, a and b, which 

178.22 
monoclinic 1 

colorless with violet 
fluorescence 

29 

(solid) 1.25 1 

Addnl. Ref. 4 

26.53 
Addnl. Refs. 

1,2 

49.6 
490°K (217°C) 1 
33.7 1 
627°K (&54-5°C) 
339.9°C 

1 
31A 

13.10 57V13 

Temp. °K    94.4    124.8    193.2 254.4 297.2 20-100    20-210 liquid 

cai./g.          0.95   0.117   0.177 0.238 0.278 0.312     0.3688 0.509 

Decomposition Temperature : 
Decomposition Products : 

Vapor Pressure : 

Press, mm.      1            10 40 100 400         760 M.P. 

Temp. °C     145.0        187.2 217.5 250.0 3L0.2       342 217.6 

Refs. 

L, 12 

57V13 
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Anthracene, CoH4(CH2)aC«rl4 (page 2) 

X-Ray Crystallographic Data: 

System 
monoclinic 

Space Group 
Jit> 

Molecules/ 
Unit Cell 

2 
2 

a        b       c Axial Angle 
8.58    6.02   11.18       /9 = 125° 
8,5a 6.036 11.163      0=124°42' 

Hygroscopicity : very slight 
Solubility Eafca, g./100 ml. In water: insoluble 

In alcohol at 160°C: 0.076 
at 78°C: 0.83 

In ether: 1.109 
In CHC13: 1.767 
In CS2: 1.500 
In benzene at 80°C: 7.5 

Health Hazard: Purified white material is considered non-toxic. However, the 
impure technical product may be carcinogenic because of impurities pres- 
ent. Avoid repeated contact or inhalation of dusts or vapors. As a chronic 
local irritant it is considered severely toxic. 

Fire and Explosion Hazard: Burns when heated in air. Vapors may explode 
when ignited in air. Gives df acrid fumes. Reacts with oxidizing;materials. 
To fight fire, use water, foam,C0}, dry chemicals, or CC14. 

Safety Classifications: 
OSM : not listed 
ICC: not listed    . 

Electrostatic Sensitivity : Anthracene dust clouds can be ignited and exploded 
by an electric spark. 
Anthracene darkens on exposure to light. 

Heat of Combustion, Kcal./mole at 20°C : 1700.4 
Flash Point, °F (dosed cup): 250 

(open cup) : 385 
Autoignition Temperature, °F : 881 

Ref. 71 gives 472°C in air 
Explosive Limits in Air, % by vol., lower: • 0.63 
Use in Pyrotechnics : as a fuel 

Additional References: 
1) J.Am.Chem.Soc 68,2527 (1946) 
2) J.Am. Chem.Soc. 7'4,1451 (1952) 
3) A, Van Dussen, Rec. trav. chim. 54,873 (1935) 
4) W, Klem etal., Zeit, anorg. Chem. 176,10 (1928) 

57,85 

12, 25,93 

12,26,29, 67 

Addnl. Ref. 3 

29 
1 
75 

26,75 

67 
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ANTIMONY SULFIDE (tri), SbsS, 
(Antimony Trisulfide, Antimony Black, Rlack Antimony, 

Stibnite, Antimonite, Needle Antimony, Sulfur Gold, 
Sulfuret of Antimony, Antimony Glance) 

Specification No. : MILA-159 
Molecular Weight: 339.72 
Crystalline Form : rhombic 
Color: black or red 

For color changes see Ref. 54V9 
Density, g./ml, : (solid) 4.64 1 
Coefficient of Thermal Expansion :   

Heat of Formation, Kcal./mole at25°C: (c) black, -43.5 1 
(amor.) orange,-36,0 1 

Ecoa Energy of Formation, Kcal./mole at 300°K 
(27°C) : -«6.0 40V2 

Entropy, cal./deg./mole at 298.16°K : (c) 39.6 3 
(c) 30.3 ±4.0 24 

Melting Point: 823°K (550°C) 1 
Sinters in air at 440°C, melts at 510°C 54V9 

Heat of Fusion, 15° caL/g, at 540°C: 17.6 1 
Boiiing Point: Volatizes above its meltingtemperature and can be distilled with- 20V3 

out decomposition 54V9 
Heat of Vaporization : 
Transition Point: See Ref. 54V9 
Heat of Transition, Kcal./mole : violet to black, 4.3 

orange-red to black, 5.6 
54V9 

Heat of Sublimation, Kcal,/mole at M.P, ; 51.2 24, 40V2 
Sublimation Temperature, °C : 380 54V9 
Heat Content or Enthalpy: —i— 

Heat Capacity, cal./deg./mole at 298-821 °K: Cp-=24.2 + 13.2T 24 
Decomposition Temperature: When heated in air. above 176°C, it is slowly con- 45 

verted to the oxide. 
Decomposition Products: loses S ;takes up O 
Vapor Pressure: 

Press, mm.    aboutO.033 1.17 13.45       244 44V18B 
Temp.^C               400 500 650       850 

X-Ray Crystallographic Data : 
System         Space Group         a 6 c        Molecules/Unit Cell 
rhombic                 VJ«              11.39 11.48 3.89                    4 1 

orthorhombic             V^j;              11.23 11.31 3.84                    4 97V5 

Refs. 
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Antimony Sulfid« (tai), Sb»S8 (page 2) 

Solubility Data: 
In water at 18°C: 
In hot water: 
Inalk., NH,HS, K2S, HC1: 
in acetic acid: 

0.175 X 10 «g./ml. 
decomposes 
soluble 
insoluble 

Health Hazard : Irritates the skin and mucous membranes. May cause gastroin- 
testinal upsets. A poison with symptoms similar to arsenic. A cardiac and 
nervous depressant, Antimony poisoning is detectable in the blood and by 
liver functioning. 
M.A.C.: . 0.5 

Safety Classification; 
OSM:    Inert and presents no particular Are or toxic hazard as used in 

Ordnance establishments. 
See also Addnl. Refs. 1 and 2 

Fire and Explosion Hazard: Dangerous; when heated to decomposition or on 
contact with acid or acid fumes, it emits highly toxic fumes of oxides of S 
and Sb. It reacts with steam or water and produces toxic and inflammable 
vapors. Reacts vigorously with oxidizing materials such as chorates or 
perchlorates. 

Electrostatic Sensitivity:   

Use in Pyrotechnics: Antimony sulfide is used as a fuel. It imparts a pale green 
color to burning compositions. 

Additional References : 
1) C.A. 42,1711 (1948) 
2) C.A. 65,9748 (1951) 

12,21 

14,17V7 

12 

20 

29 



ASPHALTUM 
(Gilsonite, Asphalt, Asphaltite, Earth Pitch, 

Uintate or Uintahite, Mineral Rubber) 
Specification No. : JAN-A-356 
Molecular Weight: variable mined material, 5 about 4250 
Crystalline Form: amorphous 
Q0\or: brown to black, leaves 

brown streak 
(solid) 1.05-1.10 
5-7 X 10-« 

39S°K (125°C) 

< 743°K (470?C) 

!>?. ;ity, g./ml. : 
{^efficient of Thermal Expansion, cubical : 
n,at of Formation: 

Free Energy of Formation: 
Entropy : 

Softening Point, specification min. : 
Heat of Fusion : 
Boiling Point: 
Transition Point:   
Heat of Sublimation:   

Hoat Content or Enthaipy : 
Meat Capacity: ' ,  

Decomposition Temperature and' Products : Ifey be distilled to about 550°F 
Above this temperature an exothermic reaction takes place with the rapir 
evolution of gaseous products. Between 475° and 650°F an oily distillati 
is obtained. 

Vapor Pressure :   
X-Ray Crystallographic Data :   
Hygroscopicity : nonhygroscopic 

Solubility Data : Insoluble in water   alcohol, acids, and alkalies.  Soluble iP 
petroleum, ether, and acetone. The specification requires the following 
CCi4—99% min., petroleum ether—30% miß.,and CSr-99% min. 

Health Hazard : Fumes or dust may irritate the eyes and respiratory tract. 
Moderately toxic, acute or chronic irritant. 

Safety Classifications: 
OSM: not listed 
ICC : not listed 

Fire and Explosion Hazard: slight 
Flash Point (closed cup) °F: 400 

(open cup) o F : 535 
Autoignition  Temperature : 905 

To fv-rht fir? use fo"m. CO-, dry chemical  or CC1., 

Refa. 

17V2 
Iddnl Ref. 1 

Vddnl. Ref. 1 

Vddnl.Ref. 1 

12 

Addnl. Ref. 1 

29 

29, 9'A 

75 
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Asphaltum (page 2) 

Electrostatic Sensitivity :   

Asphaltum is fixmad from petroleum as the result of heat and pressure 
working over geologic time. The type of asphalt called for in the specification 
is known as gilsonite or uinUte and is found mainly in Utah, and Colorado. 
Chemically, gilsonite consists mainly of saturated hydrocarbons substantially 
froo from oxygenated bodies with little or no crystallizable paraffins. Gilsonite 
is marketed,in two grades known as "selects" or "firsts" and "seconds." The 
"firsts" are from the center of the vein and have a lustrous conchoidal fracture. 
The "seconds" are frail near the wills of the vein and show a semiconchoidal 
and semilustrous fracture. They are differentiated on the basis of softening 
point and behavior in petroleum solvents, Although gilsonite is a mined product 
it shows fairly uniform characteristics as follows: 

Fracture : 
Luster: 
Hardness on Mbh' s scale; 
Fusing point, Kramer and Saroow 

Method, °F: 

conchoidal 
bright to fairly bright 

Ball and Ring Method, °F : 
Volatüe in 5 hrs. at 325°F, %: 

4öÜ°F, % : 
500oF, % : 

Fixed Carbon, %: 
Solubility in CS2, % : 
Non-mineral matter, insoluble °/o: 
Mineral matter, %: 
Carbenes, % 
Soluble in 88° petroleum naphtha, %: 
Hydrogen, %: 
Sulfur, %: 
Solid paraffines, % : 
Sulfonation residue, % : 
Saponifiable matter, % : 
Minimum Energy Required for Ignition of Dust 
Cloud by Electric Sparks, millijoules : 25 

Ignition Temperature of Dust Claud, °C: 560 
Minimum Explosive Concentration of Duet: 20 mg./l. 20 
TJse in Pyrotechnics: Asphaltum is used as a fuel and binder. It may act as a 

desensitize and waterproofing agent. 

Addition il iuofarences : 
1)  "Asphalts and Allied Substances," H. Abraham, D. Van Nostrand Co, 

230-350 
270-400 
not less than 2 
not less than 4 
not less than 5 
19-20 
greater than 98 
0-1 
trace to 1 
0-0.5 
10-^0 
8.5-10 
0.3-0.5 
0-trace 
85-95 
trace 

inc., Now York (1960) 
2)   'The Science of Petroleum." Vol. 4, 

''Jniveraity Press, N«w York (1938) 

Addnl. Ref. 1 

A. E. Dunstan et al., eds, Oxford 

26V1 

26Vf 
26V1 
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AURAMINE HYDROUiLORIDE Refs. 

(4,4'-Dimethyliminobeiutenelmide Hydrochloride, 
4,4'-bia (Dimethylamine)BenzbydryUdeneimine Hydrochloride, 

Imido-tetramethyldiamidodiphylrocthane Hydrochloride, 
Auramine O, C.I. 41000, CX Basic Yellow 2) 

vStructural Formula: [<CH,)8NCeH«]a C:NH8ClorCnH„NsCl or 
(H,C),N-£>C=ON<CH»)»0r (H»C),N (3^C=0 = N(CH,), 

NH-HC1 NH2 Cl 
Specification No. : MILrA-3664 (1962) 
Molecular Weight: 303.84 

Crystalline Form: flakes 
Color: yellow 88V14 

Apparent Density, g./ml, : 0.35 ± 0.1 spec 
Coefficient of Thermal Expansion : 
Heat of Formation : r~< • 

Free Energy of Formation: 
Entropy : 
Meitirjg Point: 540°K (267°C) 88V14 

538°K (265°C) Addnl. Ref. 1 
Heat of Fusion :   
Boiling Point :   
Transition Point:   
Heat of Sublimation :   
Heat Content or Enthalpy :   
Heat Capacity :   
Decomposition Temperature :   

Decomposition Products: The aqueous solution decomposes at about 70°C to 
NH4C1 and tetramethyldisminc±)enzcphenorie (Michler's Katane). 
The same reaction takesplace in cold dilute acid. 
Increase in temperature and acidity increases the rate of hydrolysis. 

Vapor Pressure :   
X-Ray Crystallographic Data :   
Hygroscopicity :   

Solubility : 
In water and alcohol: slightly soluble 
In chloroform : readily soluble 
In ether or pyridine: almost insoluble 
Hydrolized by hot water (see Decomposition Products) 

83(No.425), 
82, 48A 

52 

Addnl. Ref. 2 

88V14 II 

32 



Auramine Hydrochloride (page 2) 

Wealth Hazard : Carcinogenic an chronic exposure, moderately toxic. The spec.   92,93 
requires that each container be labeled. "CAUTION : AVOID SKIN CON- 
TACT. USE WITH ADEQUATE VENTILATION." 

Safety Classifications : 
OSM : not listed 
ICC: notlisted 

Fire and Explosion Hazard:   
Electrostatic Sensitivity:   
Ifee in Pyrotechnics: To produce yellow colored smoke. 

Additional References: 
1) J. Chem, Soc. 461 (1940) (also gives absorption spectra) 
2) J. Am. Chem. Soc. U6, 2348 (1924) ; C.A. 18,3872 (1924) 
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BARIUM CARBONATE, BaCOs Refs. 

(Witherite) 

Specification No. JAN-B-624 
Molecular Weight ; 197.37 
Crystalline Form : (witherite, y) rhombic 

(a)hexagonal 
1 

Color: white 1 
D: asity, g./ml.: (solid) 4.43 

(witherite) 4.29    . 
1A 
31A 

Coefficient of Thermal Expansion, cubical:   ■ 233 X K>' 31 
(value used commercially) 

Heat of Formation, Keal./mole at 298°K: (O-291.3 1.9 
Free Energy of Formation, Kcalymole, at 298°K :      (c) -2722 1,9 
Entropy, cal./deg./mole, at 298°K : (c) 26.8 3,7,9 

See table below 
Melting Point, at 90 atm.: 2013°K (1740°C) 1 

« fuses at 1361°C with loss 
ofCOj 

52V1 

Heat of Fusion:   
Boiling Point: decomposes at 1723°K 

(1450°C) with loss of 
COs 

22 

Heat of Vaporization:   
Transition Point: a1079°K (806°C)     ß 

ß 124PK (968°C)     Y 

«4490     ß  730     * 

4 

Ifeat of Transition, cal./mole ; 4 
Heat of Sublimation: 

HEAT CONTENT AND ENTROPY OF BaCOj(c) 4 
(Base, «»-crystals at 298.15°K) 

T,°K          H T — HJM.18 ST — 0288.15 T,°K                    HT-H,«.» Sr-S»,.,, 
< »l./mole cal./deg. 

mole 
cal./mole cal./deg'. 

mole 
400 2300 6.61 1100        27,060 39.17 
500 4730 12.03 1200        30,760 42.39 
600    .. . 7330 16.76 1241 08)  . . .       32,270 43.62 
700 10,080 21.00 1241 (y)  . . .       33,000 44.21 
800 12,980 24.87 1300            35,240 45.98 
900    .. . 16,020 28.45 1400       39,040 48.79 

1000    . . . 19,190 31.79 1500        42,840 51.41 
1079   (*)  . 21,790 34.29 1600        46,640 53.86 
1079 (ß)  . 26,280 38.45 

84 



Barium Carbonale, BaCO, (page 2) 

BaCOs fa;: 
Enthalpy: HT - H2M.18 = 21.50T + 5.53 X 10 »T» + 3.91 X 105T ' - 8213 

(0.5percent; 2960 -1079°K) 
Heat Capacity: CP = 21.50 + 11.06 X 10T -3.91 X 10ST * 

BaCOs (ß) : 
Enthalpy :HT-H2M.i» =37.00T - 13,644 (0.1percent;1079° -1241°K) 
Heat Capacity : C, = 37.00 

BaC0,(y) : 
Enthalpy :HT- Hm.„ =38.00T - 14,160(0.1 percent ;1241-1600°K) 
Heat Capacity :C, = 33.00 

Decomposition Products: 
For pyrolysis see Ref. 45 and Addnl. Ref. 1 

Decomposition Products: 
Dissociation Pressure : 

BaO+CO, 

Press, mm,   0 45 120     240     340      450     675     760 

Temp. °C    997    1017   1057    1097    1137   1157    1177    1197   1200 

For Dissociation Pressure see also Addnl. Ref. 3 
Calculated Dissociation Pressures to BaO """ C02 above 1079°K are given by 
log P„,„, =13,075+ 7.668 

Vapor Pressure of COs at 1100°C: 
At i600°C the loss of CO* is complete 
See also Addnl. Ref. 2 

X-Ray Crystallographic Data: 

20 mm. 

System 
rhombic 

Hygroscopicity : 
Solubility Data: 

Space Group a 
5.29 

b 
8.83 

c 
6.41 

Molectdes/Unit Cell 
4 

In 100 ml. water: a=0.0Q2g. at20°C 
0.006g.atlOO°C 

ß =0.0022g. at 18°C 
0.0065g. at 100°C 

In acids, NH^Cl: soluble 
In alcohol: insoluble 

Health Hazard : Poisonous. Irritates mucous membranes. It produces dermatitis 
and causes hemorrhages in the gastrointestinal tract and kidneys. 
M.A,C„ mg./m.s: 0.5 

54V3 

Addnl. Ref. 3 

52V1 

12,29 
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Barium Carbonate, BaCOs (page 3) 

Safety Classifications : 
OSM: 
ICC: 

Fire and Explosion Hazard: 
Electrostatic Sensitivity : 
Use in Pyrotechnics : BaCOj is used as a retardant. 

to a burning composition. 

not listed 
not listed 
none listed 

It imparts some green color 17 

Additional References: 
1) "Differential Thermal Analysis Studies of Ceramic Materials : Char- 

acteristic Heat Effects of Some Carbonates," M, Gruver, J. Am. Ceram. 
Soc. 33,96 (1950) 

2) G. Tammann and W.Pape, Zeit, anorg. Chem. 127, 50 (1923) 
3) "Experimental Heat Contents of SrO, BaO, CaO, BaCOs and SrCO, at 

High Temperatures. Dissociation Pressures of BaC03 andSrC03)" J, J. 
Lander, J. Am. Chöm, Soc. 73,5794 (1951) 
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BARIUM CHLORATE, Ba(C10s), 
Percent Oxygen: 31.55 
Specification No.: not listed 
Molecular Weight: 304.27 
Crystalline Form :   
Color: 
Density, g./ml. : 
Coefficient of Thermal Expansion : 
Heat of Formation, Kcal ./mole at 298°K: 
Free Energy cf Formation, Kcal,/mole at 298°K 
Entropy, cal./deg./mole at 298°K : 
Melting Point: 
Heat of Fusion:   

Boiling Point :   
Transition Point:   
Heat of Sublimation :   
Heat Content or Enthalpy:   

Heat Capacity of Ba(ClO„) *• HsO, cal./deg./mole : 
CP=:50.6 (289-320°K) 

Decomposition Temperature : Decomposition starts at about 300°C. 
For DTA see Ref. 33 

Decomposition Products: Ba (C10«)j + 202 
Vapor Pressure;   

X-Kay CrystdographicDataforBa (C10,h*H,0 : 

colorless 
(solid) 3.856 at24°C 

(c)-181.7 
(c)-133.1 
53.7 
414 

System 
monoclinic 

SpaceGroup a       b        e       Axial Angle 
8.86    7.80    9.35 ß = W> ±W 

Molecules/ 
:Unit Cell 

4 

Refs. 

See also Addnl. Ref. 1 
Hygroscopicity :   

Solubility Data : 
Bi water (g./100 g, solvent) : 20.35 atO°C 

84.8at80°C 
Health Hazard : Poisonous when taken by mouth, Very toxic in contact with th< 

skin, when inhaled as a dust, or when ingested. 
M.A.C.,mg./m.» 0.5 

Safety Classifications 
OSM :   Class 1, in original container or equivalent. Class 2, not in origina 

container or equivalent. 
ICC :     Oxidizing material, yellow label. Listed under Explosives an< 

Other Dangerous Articles. 
M.C.A, : Warning label required. 

LA,9 
I4S30 

44S30 
IA 

i 
54V2 

54V2 

Addnl. Ref. 2 

31 

29,14 

12 

37 



Barium Chlorate, Ba(CIOs)a (page 2) 

Fire and Explosion Hazard: Considered more dangerous to store than KC10,.    14 12 
Should be stored sway from flammable materials because of possible fire 
and explosion. 

Electrostatic Sensitivity :   
Ignition Temperature, °C: (5 second point) 506 33 
Activation Energy, Kcal./mole : 45.7 33 
Use.in Pyrotechnics: 

To impart a green color to burning compositions, and as an oxidizing agent. 

Additional References: 
1) "Determination <£ the Structure of Metallic Chlorates by Infrared 

Spectroscopy," T. Dupuis, Conipt. rend. Hi, 2922 (1956). C. A. 50, 
15,236 (1956) 

2) "Unit Cell and Space Croup of Barium Chlorate Monohydrate," G. 
Kartha, Current Science (India) »0,151 (1951). C. A. 46,4312 (1952) 

38 



Specification No.: 
Molecular Weight: 
Crystalline Form : 
Color: 
Density, g./ml.: 

BARIUM CHLORIDE, BaCla 
not listed 
208.27 
monoclinic 
colorless 
(solid) 3.856 at24°C 

Density of Molten BaCU 
Temp. °C 964 975 1025 1050 1085 1100 

Density 3.057        3.052       3.015       3.108 3.037 3.076 

For the temp, range 964°-1100°C the density is given by the formula 
D' = 3.032-0.0007O (t-1000) 
Note: See refs. for additional density formulas 

Coefficient of Thermal Expansion, cubic, 
20-170°C : 

Heat of Formation, Kcal./mole at 298°K : 
Etaas Energy of Formation, Kcal./mole at298°K : 
E'itropy, cal./Uag./mole at 298°K : 
Melting Point, °K : 
Heat of Fusion, Kcal./mole at 1235°K : 
Boiling Point, 'C : 
Hi at of Vaporization, Kcal./mole: 

Transition Point, mono-"-imic («) to cubic ß: 

Heai of Suoiimation, Kcal./mole: 
Heat Content or Enthalpy: 
Heat Capacity, cal./deg./mole: 

C„'= 17.00 + 334 y 10 »T (estd., 298-1198°K) 
Decomposition Temperature: None up to 1000°C 

(max. experimental temp.) 
Decomposition Products: 

Vapor Pressure   (liquid BaClj): 

60x10-« 
(c)-205.66 
(C)-193,8 

30 
1235 
5.4 
1560 
50.0 
57 
1198°K 
920-930°C 
57 

(solid) 18.0at25°C 

Press, mrn.      about 0.7 4.4 6.2 8.5 760 

Temp. "K 1342 9 1435.2       1465.9       1486.7 1835 

X-Ray Crystallographic Data : 

System         Spane Group a b 
BaCI*           orthorhombic           VJg 9.333 7.82S 
fiiiri.. ■>•■ o vi,,imhi.                      DJ« 4.51 9.02 

c 
4.705 

11.28 

Molecules/ 
Unit Cell 

4 

Refs. 

1A 
1A 
1A 

44S30 

44330 
1A.6 
1A, 9 
1A, 9 
9 
9, 24A 
1A, 31A 
24A 
41 
1A.9, 6 
44S30 
44330 

4 

33 

44S3' 

18, 96, Add-.l. 
R»f. 1 
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Barium Chloride, BaCl* (page 2) 

Hygroscopicity: slight 44S3 
Solubility Data: 

In H,0, g./lOO ml.: 31 atO°C 
59atl00°C 

31A 

In HC1, HNO,: subtly soluble 
In alcohol: insoluble 

Health tfetzard: 
Extremely toxic. Fatal dose 0.8 to 0.9 g. 29 

Safety Classifications: 
OSM: not listed 
ICC: not listed 

Fire and Explosion Hazard: none listed 
Electrostatic Sensitivity: —-__ 

8 

Ute in Pyrotechnics: BaCli results frcmthe burnin g of some barium compounds 
in the presence of chlorine compounds. 

Additional References: 
1)  CA. U, 897(1960) 
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ItAKIlüVl CHROMATE, BaCrO, 
(Lemon Chrome, Ultramarine Yellow, Baryta Yellow Gelhin) 

Percent Oxygen : 25.26 
Specification No.: MIL-B-550 

The specification covers two grades; grade A is for use in delay and non- 
gaseous powder, grade B for use in pyrotechnic mixtures. 

Molecular Weight : 253.37 
Crystalline Form: rhombic 
Color: yellow 
Density, g./ml. : 4.498 
Coefficient of Thermal Expansion (calculated from lattice constants), linear : 

Temp. Range °C     10-70       70-130       130-190       190-250 10-250 
Coeff X 10s 1.75 1.73 1.57 1.65 1.67 

(c)-341.3 
-315.96 

34.7 
decomposes (seebelow) 
decomposes (seebelow) 
decomposes (seebelow) 

Heat of Formation, Kcal./mole at 298°K : 
Free Energy of Formation, Kcal./mole at 298°K: 
Entropy, cal./deg./mole at 298°K : 
Melting Point : 
Heat of Fusion: 
Boiling Point: 
Transition Point: 
Heat of Sublimation :   

Heat Content or Enthalpy :   
Heat Capacity : .  

Decomposition Temperature and Products : When heated, starts to lose weight 
at about 60°C. On further heating very slowly loses weight even up to 
1015°C, at which point it is a mixture of the yellow chromate and green 
chromite. Even at this temperature the loss is less than 1%. 

Vapor  Pressure:   
X-Ray Crystallographic Data :   

Hygroscopicity : Gain in weight (r,'c ) at 70°F of specification grade A material 

Exposure Relative Humidity, % 
hrs. 52 75.8 90 

24 
48 
72 

144 
168 

0.06 
0.06 
0.06 
0.06 
0.06 

0.05 
0.06 
0.06 
0.09 
0.09 

0.25 
0.27 
0.27 
0.28 
0.28 

Solubility Data : In water, g./100g. 
In mineral acids: 

0.000341«- and 0.000442*' 
soluble 

Refs. 
1,11,25 

1 
1 
1 
44S30 sup 

1,9 
78 
IB 

Addnl. Ref. 1 

33 
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Barium Chromate, BaCr04 (page 2) 

Heaith Hazard : Poisonous. Ifes a corrosive action on the skin and mucous mem-    12, 29 
branes. Produces dermatitis. 
The specification requires that all containers be marked with the following 
precautionary  marking: "AVOID   INHALATION OF DUST.  AVOID 
PROLONGED OR REPEATED CONTACT WITH SKIN." 

»        MAC (as CrO«) for an 8-hr, day: 0.1msr./m.» 14 
Safety Classification : 

OSM: class2 
ICC:   
U.N. : poisonous (toxic) 

Fire and Explosion Iferatd: Emits highly toxic fumes when heated. An oxidant    12 
which reacts vigorously with reducing materials. 

Electrostatic Sensitivity :  !_ 
Use in Pyrotechnics: Barium chromate is used as an oxidizing agent, and to    17 

impart a green color to a burning composition, 

Additional References : 
1)   S. Peltier and C Duval, Anal. Chim. Acta 1, 361 (1947) 
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BARIUM NITRATE, Ba(NOs)2 

(Nitrobarite) 

Percent Oxygen : 36.73 
Specification No.: MIL-B-162B 

The specification covers six classes that differ in purity and granulation. 
The following four classes are used in pyrotechnics: 

Class 1, used in priming compositions (in two granulations); 
2, used in photoflash compositions; 
5, used in incendiary mixtures; 
6, used in pyrotechnic compositions. 

Molecular Weight: 
Crystalline Form: 
Color: 
Density, g,/ml,: 
Coefficient of Thermal Expansion, 

linear,-78° to+15°C : 
Heat of Formation, Kcal./mole at 298°K; 
Free Energy of Formation, Kcal./mole at 298°K; 
Entropy, cal/deg./mole at 298°K : 

261.38 
cubic 
colorless 
(solid) 3.24 at 23° C 

5X10-» 
-237.06 
-190.0 
51.1 

HEAT CONTENT AND ENTROPY OF Ba(NO,),(c) 
(Base,crystals at298.15°K; mol. wt, 261.38) 

Refs. 

1 
1 
1 

44S30 sup 

1.9 
9 
9 

T,°K HT— H2M.lt 
cal./mole 

ST-Ö2»B.1* 

cal./deg, 
mole 

T,°K HT — HJM.U 

cal./mole 
ST-0248.1* 
cal./deg. 

mole 

400 . 
500 . 
600 . 

3960 
8410 

13,240 

11.39 700 . . 
21.30 800 . . 
30.10 850 . . 

18,460 
24,070 
27,020 

38.14 
45.62 
49.20 

Ba(NO,),(c): 

Enthalpy :   H,-Hm.i5=3G.05T + 17.85X 10ST2 +4.01 X lOT"1 ■ 
(0.2 percent; 298° -850°K) 

Heat Capacity : C, = 30.05 + 35.70 X 10T- 4.01 X 105T 2 

-11,891 

Melting  Point:                                                            868°K 7,9 
Heat of Fusion, Kcal./mole:                                     6 9 
Boiling Point:                                                            decomposes 
Transition.Point " 

1 

Heat r>f Siihlimatinn ■ 

Heat Capacity, cal./deg./mole at 298°K:                   (solid) 36.1 
See equation under table above 

9 
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Barium Nitrate, Ba(N0S)2 (page 2) 
Decomposition Temperature : 

For DT A see Refs. 33 and 47 
For TAG see Kef. 33 

Decomposition Products : 
Vapor Pressure : 
X-Ray Crystallographic Data : 

System Space Group 

cubic ^h 
Hygroscopicity : 

Gain in mg./g, at equilibrium at R.T. 

555-600°C 

evolves N0S and 02 

a 
8.11 

Molecules/ Unit Cell 

purified <0.1 at75% and 
86% R.H. 

0.6 at 93% R.H. 

8.7 at 20° ; 34.2 at 100° 
slightly soluble 
insoluble 

Solubility Data: 
In water (g./100g,) at°C : 
In acids: 
In alcohol, cone, nitric acid : 

Health Hazard : Moderately poisonous. Irritates eyes, ears, nose, throat, and 
skin;produces dermatitis. When heated evolves toxic fumes. Produces gas- 
trointestinal irritation. 
M.A.C. 0.5 

Safety Classifications : 
OSM : Class 1 when packed or shipped in original containers or equivalent. 
ICC: Oxidizing material; 

yellow label 
Fire and Explosion Hazard : By itself the fire hazard is moderate. As a strong 

oxidizing agent it reacts vigorously when heated with reducing materials 
and may even result in detonation. 

Electrostatic Sensitivity:   

Use in Pyrotechnics: Barium nitrate is used as an oxidizer, and to impart a 
green color to burning compositions. 

Storage: Keep barium nitrate in a moisture-proof container in a dry place to 
prevent caking. 

Additional References : 
1)   C.A. 49,12932 (1955) 

Addnl. Ref. 1 

20V3 

L 

32 

93,29,12,20, 
50 V7 

14 

12 

17 
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BARIUM' OXALATE, BaCO« 
Specification No. : JAN-B-660 
Molecular Weight: 225.38 
Crystalline Form : 
Color: colorless 1 
Density, gr./ml. : (solid) 2.658 1 
Coedicient of Thermal Expansion : 
Heat of Formation, Kcal./mole at 

18°C(c)BaC504: 327.6 Addnl. Ref. 1 
25°C(c)BaC2<V^H,0: 363.7 1 
18°C (ppt.) BaCA'HjO: -397.37 1 
25°C   BaC«04'2H,0: ^170.1 9 
250CBaC204-3.5HjO: -575.73 9 

Free Energy of Formation:   
Entropy :   
Melting Point: 
Heat of Fusion:   
Bojhng Point: decomposes 
Heat of Vaporization: 
Transition Point:   
Heat of Sublimation:   
Heat Content or Enthalpy:   
Heat Capacity : 
Decomposition Temperature: loses CO above 346°C 46 

Decomposition Products : 
Vapor Pressure : 
X-Kay Crystallographic Data: 
Hygroscopicity: 
Solubility Data: In water, g./ml. solvent: 

In acids, NH,C1: 
In alcohol: 

Health Hazard:  Poisonous.  Irritates eyes, nose, 
dermatitis. 

Safety Classifications: 
OSM: 
ICC: 
U.N. : 

CO +BaCO, 

0.009Batl8°C 
0.0228 at 1CK>°C 
soluble 
insoluble, 

throat, and skin. Produces 

not specifically mentioned 
not specifically mentioned 
class 6 (a)—poisonous 

toxic substance 

Refs. 

12,29 
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Bariuiu Oxalult», BaC30« (page 2) 

Fire and Explosion Hazard : Dangerous when heated to decomposition; emits    12 
toxic fumes. 

Electros tat ic Sensitivity : —- 
Use in Pj rotcchnics: As a retardant. Imparts some green color to burning    17 

compositions. 

Additional References : , 
1)  L. M&lard, Mem. artillerie frang, 28, 467 (1954) 
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KARIUM OXIDK, BuO 
(Barium Moiroxide. Baryta. Barium Protoxide, Calcined Baryta) 

Sptcitkution No.: .  
Moli*cular Weight: 
Crystalline Form: 
Color: 
Density, g./ml.: 
CoeEEicifint of Thermal Expansion : 
Heat of Formation, Kcal./mole at 298°K: 

153.36 
cubic or hexagonal 
colorless 
(solid) 5.72 (hex) 5.32 
3.0 X to-' 
(c) -133.4 

Free Energy of Formation, Kcal./mole at 298°K:   (c)-126.3 

a. HEAT AND FREE ENERGY OF FORMATION OF BaO(c) 

(Mol. wt,  153.36) 

ließ. 

1, 11, VI, 29 

1 
1 
1 
47 
1.9 
1.9 

T,°K A H (cal./mole) A F° (cal./mole) 

298.16 . . -133,500(^:3000) -126,500(± 3500) 

400 . . . -133,000 -124,000 

533 . . . -133,000 -121,500 

G0Ö ... -133,000 -119,500 

648 ... -132,500 -118,500 

648 ... -133,000 -118,500 

Yuö . . . -132,500 -117,000 

800 ... -132,500 -115,000 

900 ... -132,500 -113,000 

977 ... -132,000 -111,000 

977 ... -134,500 -111,000 

1000 . . . -134,500 -110,500 

1100 . . . -184,000 -108,000 

1200 . . . -134,000 -106,000 

1300 . . . -133,500 -103,500 
14Ö0 . . . -133,500 -101,500 

1500 . . . -133,000 -99,000^- 

1600 . . . -133,000 -96,500 

1700 . . . -132,500 -94,500 

1800 . . . -132,500 -92,000 

1900 . . . -132,000 -90,000 

1911 . . . -132,000 -90,000 

1911 . . . -167,500 -90,000 

2000 . . . -167,000 -86,000 
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Rarium Oxide, BaO (page 2) , 

Phase Changes of Metal 
T.P.(«-*/J),648°K 

AH= 140cal./g.-atom 
M. Y. ?77°K; A H =2250cal./g.-atom 

B, P., 191PK ; A H = 35,660cal./g.-atom 

Free Energy Equations : 
Reaction                                                             Range of Validity, °K 

1)  Ba (a) +V302 (g) =BaO (c)                                           298.16 to 648 
2 

AF° =-134,590-7.60TlogT + .87 (10"»T2) +.42 (108T1) +45.76T 

2) Ba {ß) +YtOi (g) =BaO (c)                                          648 to 977 
A F£ = - 134,140- 3.34TlogT-. 56 (108TS) + .42 (106T-1) +34.01T 

S)  Ba<l) +%0»(g)=BaO (c)                        ,                 977 to 1911 
A F^=- 135,900- 2.19T log T-. 56 (lO^T») +.42(10BT-1) +32.37T 

4) Ba(g) +y2Os(g) =BaO (c)                                           1911 to 2000 
AF?=-176,400-8,01TlogT-.56 (10-»Ta) +.42 (lOT1) +72.66T 

Entropy, cal./deg./mole at 298°K :                            (solid) 16.8± .03 1,3,9 
(gas) 55.9 ± .5 3 

See Tables b and c 

Melting Point:                                                              2190°K (1917°C) 9 

Heat of Fusion, Kcal./mole :                                      13.8 ± 2.0 24 

Boiling Point:                                                                about 2273°K (2000°C) 1 
Transition Point: 

Heat of Sublimation, cal./mole :                               90.0 24 

b. HEAT CONTENT AND ENTROPY OF BaO (c) 4 
(Base, crystals at 298.15°K; mol. wt,   153.36) 

T,°K            HT-H2»g.15          ST-S»8.ir. T, °K            HT-HM8.)S ST-SJ»8.1ä 
cal./mole            cal./deg. cal./mole cal./deg. 

mole mole 

400               1170                   3.36 1300         13,090 18.77 
500               2380                    6.07 1400         14,520 19.83 
600            3660                   8.40 1500         15,970 20.83 
700               4980                  10.43 1600         17,440 21.78 
800            6300                  12.20 1700         18,920 22.67 
900                7620                  13.75 1800        20,420 23.53 

1000                8950                  15.15 1900        21,930 24.35 
1100             10,300                  16.44 2000        23,450 25.13 
1200             11,680                   17.64 
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Barium Oxide, BaO   (page 3) 

BaO (c) : 
Enthalpy :HT- H2M.l5---- 11.79T f- 0.94 X 10Ts + 0.88 X 105T' -3894 

(0.5 percent ;298° -2000«K) 

Heat Capacity :C, =11.79 + 1.88X 10-»T -0.88X 106T * 

c. HEAT CONTENT AND ENTROPY OF BaO (g) 
(Base,ideal gas at 298.15°K; mol. wt.,   153.36) 

T, °K HT-H298.16 

cal./moie 
ST — SJM.15 

cal./deg. 
mole 

T,°K HT— H29J.15 
cal/mole 

ST-0298.15 

cal./deg. 
mole 

400 , 

500. 

600 , 

700 

800 . 

900 . 

820 

1650 

2500 

3365 

4235 

5910 

2.36 

4.21 

5.76 

7.10 

8.26 

9.29 

1000 

1200 

1400 

1600 

1800 

2000 

5985 
7750 
9520 

11,295 
13,075 
14,855 

10.21 
11.82 
13.18 
14.37 
15.42 
16.35 

, BaO (g) : 
Enthalpy: HT-H2g».,5 =8.621' +0.10 X 10-T1 +0.67 X 108T-» -2804 

(0.3 percent;298° -2000°K) 

Heat Capacity :CP = 8.62 + 0,20 X 10"»T -0.67 X 106T"J 

Decomposition Temperature : \ When heated in air at 450°C, it combines 
>with 0 and forms Ba02. On further heating 

Decomposition Products :       ) above 600°C, Ba05 loses O and reforms BaO. 
Vapor Pressure : 0.00076 mm. at 1650°K 

For the range 900-1200° C :logP=-(19400/T +8.69) 

X-Kay Crystallographic Data : 
System SpaceGroup a Molecules/Unit Cell 
cubic 01 5.50 4 

Hygroscopicity: Absorbs water with formation of Ba(0H)2 with evolution of 
much heat. 
Absorbs moisture and CO^ on exposure to air and forms BaC03. 
Caution : Keep in tightly closed container, 

Solubility Data: In water: 

Indil. acids, alcohol: 
InCH4OH,CsHsOH: 
In NH3, acetic acid: 

1.5 g./ml, decomposes 
90.8 g./100 ml. at 80°C 
soluble 
slowly soluble 
insoluble 

Health Hazard :Poisonous. Irritates eyes, ears, nose, throat, and skin. Produces 
dermatitis. Gastrointestinal irritant: 
M.A.C, : 0,5 

29 

41 
Addnl. Ref. 1 

1 

29 

1 

29 

12, 29,50V7 

14 
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Barium Oxide, BaO   (page 4) 

Safety Classifications: 
OSM : not specifically listed 
ICC : not specifically listed 
U.N.: classified under "Poison- 

ous (toxic) substances." 
Fire and Explosion Hazard : Produces considerable heat on contact with water    12 

or steam. Sane hazard by chemical reaction. 
Electrostatic Sensitivity:   

Use in Pyrotechnics: BaO is a product of the burning of many barium ocm- 
pounds. 

Additional References: 
1)  C.A. 52,3446 (1958) 
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BARIUM PERCHLORATE, Ba(a04), 
Percent Oxygen : 
Specification No.: 

. Molecuiar Weight: 
Crystalline Form : 
Color: 
Density, g./ml. : 
Coefficient of Thermal Expansion : 
Heat of Formation, Kcal./mole at 298°K: 
Free Energy of Formation: 
Entropy, cal./deg./mole at 298.160K : 
Melting Point: 

Heat of Fusion : 
Boiling Point: 

Heat of Vaporization : 
Transition Points : 

Heat of Sublimation: 
Heat Content or Enthalpy: 
Heat Capacity : 
Decomposition Temperature 

38.06 

336.27 
hexagonal 
colorless L 

(solid) (3H,0) 2.74 !9 

(c) -192.8 1,9 

57.7 !6 
687°K (414°C) 
778°K (505°C) 

L 
55 

decomposes at 673°K 
(400°C) 

decomposes above 793°K 
(520°C) 

12 

fcddnl.Ref. 1 

a. to ß at 557°K (284°C) 
0toyat633°K(36O°C) 

vigorous decomposition 
at 504°C 

Decomposition Products: BaCljandOs 
For DTA and TGA see Ref. 33 

Vapor Pressure: 

X-Ray Crystallographic Data : 
System            SpaceGroup       a b e   Molecules 
rhombic                     VJ,«              5.29 8.88 6.41 

Hygroscopicity :   
Solubility Data : In water, g./100 ml. : 198.5 at 25°; v 

Solubility in Nonaqueous Solvents, at25°C: 
Solvent g./lOO g. solvent 

acetone 124.7 
n-butyl alcohol 58.18 
ethyl acetate 112.9 
furfural  (at 20°C) 43 
methyl alcohol 217.1 
n-propyl alcohol 75.65 

Refs. 

72 

47 

Addnl. Ref. 1 

65 
65,77 
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Barium Perchlorate, Ba(C10«)5 (page 2) 

Health Hazard: Ba(C104)2 is poisonous, irritates the eyes, nose, throat, and 
produces dermatitis. It may affect the central nervous system and kidneys. 
Its harmful effects are mainly due to the barium ion. Gastrointestinal 
irritant.  . 
Caution: Avoid skin contact. 
MAC. : 0.5 

Safety Classifications: 
OSM :  Class 1. Class 2 when not packed in original shipping container or 

equivalent. 
ICC:    Oxidizing material, yellow label. Listed under "Explosives and 

Other Dangerous Articles." 
Fire and Explosion Hazard :Ba(C10<)2 is dangerous because it may be exploded 

by shock, heat, or chemical reaction. It forms explosive mixtures with 
carbonaceous material, S, powdered Mg, and AI. It emits highly toxic 
fumes when heated. Fires involving perchlorates alone may be fought with 
water. 

Electrostatic Sensitivity:   

tfead in Pyrotechnics: Ba(C10*)ä is used as an oxidizer, and to give a green 
color to burning compositions. 

12,26,29, 
50 V7 

65 
14 

12,14 

17 

Additional References : 
1) C.A. 51,2439 (1957) 
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BARIUM  PEROXXDE, Ba02 

(Barium Dioxide, Barium Superoxide. Barium Binoxide) 

Percent Oxygen :                                                        Iß.89 

Specification No.:                                                      JÄN-B-153 (1) 

The specification covers one grade and three classes that differ in granu- 
lation. 

Molecular Weight: 169.36 

Crystalline Form: 

Color: 

powder 

white to grey 

Density, g./ml. : 

Coefficient of Thermal Expansion: 

(solid) 4.95 

Heat of Formation, Kcal./mole at298°K: 

Free Energy of Formation: 

-150.5 

HEAT AND FREE ENERGY OF FORMATION OF BaOs (c) 
(Mol. wt.,  169.36) 

Refs. 

1,29 

1 

1 

1 

1,9 

T, °K A H (cal./mole) A F° (cal. /mole) 
298.16    . -153,000 (±6000) -140,500(± 6000) 
400   . . . . -153,000 -136,500 
500   ... . -152,500 -132,000 
600 -152,000 -128,000 
648   .. . -152,000 -126,500 
648   ... -152,000 -126,500 
700    ... -152,000 -124,000 
800   ... -151,500 -120,500 
900   ... -151,000 -116,500 
977    ... -151,000 -118,500 
977    ... -153,000 -113,500 

100Ö    . . . -153,000 -112,500 
1100    . .  . -152,500 -108,500 
1200    . . . -152,500 -104,500 
1300   . .   . -152,000 -100,500 
1400   . . . -151,500 -96,500 
1500   . . . -151,000 -92.500 

Phase Changes of tfebal 
T.P.(«-*-/8). 648°K; 
AH = 140cal./g.-atom 

M.P.,977°K ;       A H = 2250 cal./g.-atom 
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Barium Peroxide, Ra(\.  (page 2) 

Free. Energy Equations: 
Reaction 

I) Ba(-«) + 02(g)=Ba02(c) 
iF? 

Range of Validity, °K 
298.16 to 648 

.= -154,830-11.05T log T + .87 (10"»TS) +,42 (106T ») +74.48T 
2) Ba</?) + 02(g)=Ba02(c) 648 to  977 

A F£ = -154,380-679TlogT-.56 (10"3T2) + .42 (lO'T"1) +62.73T 
3) Ba(l) + 02(g)=Ba02(c) 977 to  1500 

A F§ =--156,140-5.64Tlog T-.56 (10aT2) +.42 (10BT') +61.092' 

Entropy, cal./deg./mole at 298°K 
Melting  Point: 
Heat of Fusion, Kcal./mole : 
Boiling Point: 

Transition Point: 

Heat; of Sublimation : 
Heat Content or Enthalpy : 
Heat Capacity: 

See Ref. 2 
Decomposition Temperature, °C: 

For DTA see Kef. 33 
Decomposition Products : 

Vapor Pressure : 

(c) 18.6 
723°K (450°C) 
5.7 
loses Oat 1073°K(800°C) 
decomposes at 1110°K 

(837°C) at latm. 

800 

BaO +0 

Dissociation Press. 760mm. at795°C 

Press, atm.   0.0149 0.0861 0.1855 0.945           1.220 1.534 
Temp. °K       891.1 970.1 1010.1 1108.1         1126.1 1141.1 

X-Ray Crystallographic Data : 
System Space Group 

tetragonal OJJ 
Molecules/Unit Cell 

Oft 

a c 
5.34       6.77 
5.39       6.85 4 

Hygroscopicity : Slowly decomposes in air and on contact with water. Combines 
with water to form Ba02 • 8H20 
Gain in mg./g. at RT. after equil. was established in vac. desic. 
Reagent Grade: 

Solubility Data: 

R.H.% 65 75 86 93 
24 hrs. 0.6 6.0 28.7 48.0 
Equil. 10 8.6 73.1 126.0 

In cold water: 
In hot water: 
In dilute acids: 

In acetone: 

very soluble 
decomposes 
soluble; with decomposi- 

tion forming H202 
insoluble 

6 
1 
6 
1 
8 

29 and 
Addnl. Refs. 

1,2,3 

Addnl. Ref. 1 

42V7 

1 
97V6 
29 

32 
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Buriiuii IVrttxiiie, it»0.2 (|iaK«r 3) 

Health-Hazard: BaO« is poisonous. It irritates the eyes, nose, and throat, and 
produces dermatitis. Gastrointestinal irritant. 
M.A.C.: 0.5 

Safety Classifications : 
OSM : Class L Class 2 when not packed in original containers or equiv- 

alent. 
ICC:   .Oxidizing material; yellow label. 

Fire and Explosion Hazard: As an oxidizer it is dangerous when heated with 
reducing material; may result in detonation. 

Electrostatic  Sensitivity :   

Use in Pyrotechnics: Ba05 is used as an oxidizer and to impart a green color 
to burning compositions. It is used in igniter and tracer compositions. 

Additional References: 
1) "The Decomposition of Barium Peroxide and the Reactivity of the 

Resulting_Barium Oxide," J. A. Hedvall, Zeit, anorg. Chem. 104, 163 
(1918); 7. Chem. Soc. Abstracts 1919 it, 26 

2) "Kinetics of the dissociation of Ba and Ca peroxides," M. M, Pavlyu- 
chenco and Yu S. Rubinchik, CA 52, 19362 (1958) 

3) "Heating curves for the hydrates of the peroxides of the Group II 
metaiis," I. I. Vol'nov, CA 52, 19SS4 (1958) 

29,12, 50V7 

14 

12 

17 
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BENZANTHRONE, C 7H,0O 

( 7-oxo-7-benz(d,e ) anthraquinone, 7-H-benz (d,e)anthracene-7-one, 
7-sneso-benzanthrone, Benzan B, Research Vat Golden Yellow GK) 

Structural   Formula : 

ii 
0 

MIL-B-50074 
purity — minimum 77% 
w ater — m aximum    1 % 

Specification No. : 
The specification requires : 

Molecular Weight: 230.25 
Crystalline Form : 

From alcohol or benzene : 
From nitrobenzene : 

orthorhombic 
needles 

Coior. pale yellow 
Density, g./'ml. : (solid) 1.371 

Coefficient of Thermal Expansion : 
Heat of Formation: 
Free Energy: 

Entropy: 
Melting Point: 447°K (174°C) 

446.PK   (173.1°C) 

Heat of Fusion: 
Boiling Point: 

Transition Point: 

Heat of Sublimation : 
Heat Content or Enthalpy : 

Heat Capacity : 
Decomposition Temperature, °C : 

For DTA and TGA see Refs. 80 and 81 
about 426° (see below) 

Decomposition Products: 
Vapor Pressure: 

Press, mm.        1             10 40 100      200 
Tenm °C      225.0      297.2 350.0 390       426.5 with decompn 

Kefs 

Addnl. Ref. 3 

Addnl. Ref. 3 

1 
Addnl, Ref. 1 
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Brnziinthrone (page 2) 

X-Ray Crystaiiojrraphic Data: 
St/.m i.i        S^ae? Group b 

15.00 
a 

orthorhomic DJ 14.57 
For bond lengths see Addnl, Ref. 2 

H>giv.scoyicity; 

Solubility Data: at 20aC per 100 g, solvent 
glacial acetic acid: 
benzene; 
chlorbenzene: 
In tetrachlorethane: 
In con. H}SO<: 

Molecules/ 
c Unit Cell 

5.07 4 

0.52 
0.61 
2.05 
soluble 
soluble, giving 

In toluene : 
Health Hazard: Some, as indicated by the ; 

tainer shall be conspicuously labeled : x 

TACT ; USE WITH ADEQUATE VENTILATION.' 
Fire and Explosion Hazard: 

.. &x,x„p an orange- 
red color with an olive- 
green fluorescence 
soluble 

requirement that "each con- 
UTION— AVOID SKIN CON- 

slight when heated; 
emits smoke 

not listed 
not listed 

Safety Classifications: 
OSM: 
ICO : 

Eleccrostatic Sensitivity;   

Use in Pyrotechnics: To produce a yellow color in smoke grenades. 

Additional References : 
1) "Freezing Point and Purity Data for Some Organic Compounds," C 

R. Witsehonke, Anal. Chem. 26, 563 (1954) 
2) "Calculated Bond Lengths in Some Cyclic Compounds. Part II. Ben- 

zanthrorsG, Acedianthrone, and Flavanthrone," T. H. Goodwin, J, Chem, 
Soc. 1955,1689 

3) "Cell Dimensions and Space Groups of Some Carbocyclic Compounds," 
H. C, Bayd et a)., Acta Cryst. 7,142 (1954) 

18V III, 
Addnl. Ref. 3 

29 

89V14 
88V7II 

12. 
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BLACK POWDER 

(Gunpowder) 

Biack powder is an intimate mechanical mixture of potassium or sodium 
nitrate, charcoal, and sulfur. Willow or alder charcoal and flour of sulfur and 
2-31> of water are well mixed in a tumbling barrel. This mixture is trans- 
ferred to a wheel mill arid the desired amount of crystalline potassium nitrate 
and several percent of water are added. The mill is run for several hours to 
obtain a uniform mixture. During mixing the mixture is kept damp by the addi- 
tion of water. The mixture is pressed at about 6000 psi and then broken up by 
passing between rolls. Broken pieces are screened into sizes and material of 
undesired size is reconsolidated and passed through rolls and screened. Material 
of acceptable size is then thoroughly dried in hot air ovens at about 60°C. The 
material may be polished before drying by rotating it in a tumbling barrel. 
After tumbling, the black powder is sieved and the fines removed. 

Black powder is sensitive to friction, heat, and impact, and is very danger- 
ous to handle. It absorbs moisture and deteriorates rapidly. If kept dry, it will 
retain its properties indefinitely. Combustible materials that have absorbed 
liquors leached from black powder are a severe fire hazard and may become 
explosive. Every safety precaution should be taken in black powder manufac- 
ture and operations. 

Black powder has a composition close to the stoichiometric proportions 
needed to satisfy the equation: 

2KNÜ3 + S -!■- 3C-*K2S + 3C02 + N2 

in practice, the proportions may be varied slightly, 

Formuia (specification) : KN*03, 74.0% 
S, 10.4% 
charcoal, 15.6% 

specification No. : JAN-P.223A 
(all seven grades listed in the specification are used'in pyrotechnics) 

Crystalline Form : mechanical mixture 

Color: black 

Density,  g./ml, : approx. 1.6, variable de- 
pending mainly on condi- 
tions of preparation 

Decomposition Temperature : Exothermal preignition reaction starts at about 
250°C and culminates at approximately 300°C (DTA and TGA curves). 

Decomposition Products:   

Hygroscopicity : Black powder is appreciably hygroscopic and is prepared and 
kept under conditions of low humidity so that its properties will not be 
adversely affected. 

Temp. °C      R.H./c        Gain % 

26 75 0.75 
25 90 1.91 
30 90 2.51 

Refs. 

13, 50V6 

14,13 

13 

Addnl. Ref. 4 

13 
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Black Powder (puge 2) 

Explosion Uata: 
Spot-iiw Volume at S.T.P.. l./k>j.: 
Kxpiosion Temperature, "C : 
Heat of Explosion, Kcal./kg. : 
Characteristic Product (VUQ) : 

285 (H.ORas) 
2770 
685 (HjO liquid) 
195,200 

The equation for the burning of black powder has been given as approxi- 
mately : 
74KN03 +96C +30S +16H20-*35N2 +56COz +14CO +3CH< + 2H2S 
+ 4H-. + 19K2C08 + 7K,SO« +8K«SjO» +2K2S + 2KSCN + (NH4)2C0, 
-r-C + S 
For other equations see Ref. 54V2 

Health  Hazard : none mentioned 
Safety Classifications : 

OSM:   Class 9 (in charges or containers) 
ICC :    Class A explosive, not accepted for railway express. Black powder 

igniters with empty cartridge bags, classified class C explosives. 
Fire and Explosion Hazard : Black powder can be detonated by friction, heat, 

arid impact. 
Electrostatic*Sensitivity : unconfined    > 12.5 joules 

energy required to ignition: confined 0.8 joules 
Impact Sensitivity, 2 kg. weight falling on 16mg. sample : 

Bureau of Mines Apparatus,    cm.32 (10% Point) 
P.A. Apparatus, in.   16 (10% Point) 

Initiating Efficiency   (mLn.wt. in grams required to initiate B.P.): 
Igniter CompositionK-31: 2.0 
Igniter Composition K-29 : 2.3 

Friction Pendulum Tfest: 
Steel shoe: snaps 
Fibre shoe: unaffected 

Explosion Temperature Test: (0.02 g. sample in No. 6 copper detonating cap) 
Seconds 

0.1 (no cap used) 
1 
5 

10 
.75% International Heat Test: 

Loss in 48 hrs,, weight %■ 
Vacuum Stability Tests, cc/hrs, on 5 g, sample 

Sand Test, with 200 g. bomb and 0.4 g. sample of black powder: 
Grams sand crushed to pass 30-mashscreen :       8 
Sensitivity : tetryl, 0.25 g. 

Ballistic Mortar, % of TNT: 50 

Temp. °C 
510 
490 
427 ig nited 
356 

0.31 
sample 100°C, 0.5 

120°C, 0.9 

Addnl. Ri'f. 

50V6 

14 

Addnl. Ref. 6 

Following 
dataonthis 
page from 13 
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Black   Ponder   ('page 3) 

Trauzl Test, f< of TNT: 10 
Detonation Rate, meters/sec. at density 1.6:             100 
Heat of Explosion, cal./g.: 684 
Gas Volume on Explosion, cc./g. 271 
Method of Loading: 1) loose (granulated) 

2) pressed 

Loading Density, g./cc. in thousands of psi: 
psi              25         50        60        65        70 , 75 
Density    1.74      1.84      1.86      1.87     1.88 1.89 

Method of Storage : dry 
100° Vacuum Stability Test, cc. gas/40 hrs. from a 5 g, sample: 

Initial  value : 0.5 
After 2 years at 65°C : 0.86 
After 2yearsat65°C and 75% R.H.: 1.46 

Compatibility with metals: 
Dry-compatible with all metals when moisture content is less than 0.2%. 
Wet—attacks all common metals except stainless steel. 

Destruction: 
Black powder may be completely destroyed by leaching or washing with 
large quantities of water and disposing of the washings separately from 
the residue. 

Use in Pyrotechnics: Black powder is used as an igniter powder, and in time 
rings  (fuzes), fireworks, rockets, Roman candles, and firecrackers. 

Additional References : 
1) "Initiation, Burning and Thermal Decomposition of Gunpowder," J. 

Blackwood and F. Bowden, Proc. Roy. Soc. 213, 285 (1952; 
2) "Chemistry of Powder and Explosives," T. L. Davis, John Wiley & 

Sons, Inc., New York (1943) 
3) Refs  52V4 and 54V2 
4) "A Thermoanalytical Study of the Ignition and Combustion of Black 

Powder," C. Campbell and G. Weingarten, Trans. Faraday Soc. ~>r,, 
2221 (1959) 

f>)  "Explosives," H. Brunswig, John Wiley & Sons, Inc., New York (1912) 
6) "Sensitivity of Explosives to Initiation by Electrostatic Discharges " 

F. W. Brown et al., U.S. Dept. of Interior, Bureau of Mines, R.I. 3852 
(1946) 

13 

44 
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BORON, B Refs. 

Specification No. PAPD-451 
Moiecular Weighi 10.82 

Crystalline Eorm ■ monoclinic crystals or 
amorphous powder 

1 

Color: yellow or brown 1 

Density, g./ml. : (c) 2.34 (amor.) 2.37 
2.35 

1A 
31A 

Coefficient of Thermal Expansion / 
linear, 20-750°C : 17.4 X 10-« per °C 27 

Heat of Formation, Kcal./mole at298°K : (gas) 97.2 1,9 

Ecee Energy of Formation, Kcal./mole at 298°K :   (gas) 86.7 1,9 
Entropy, Kcal./mole at 298°K : (c)       1.40 5 

(gas-monatomic) 
36.65 5 

See Table a 
Melting Point: 2313°K   (2037±37°C) 31A 
Heat of Fusion, cal./mole: 5300 5 
Boiling Point: 4198°K (39275°C) 31A 

Heat of Vaporization, cal./mole : 128,000 5 
Transition Point ; 

Heat of Sublimation, cal./mole at 298° K: 141,000 5 

Heat Content or Enthalpy, cal./mole at 298°K:       292 5 
See Tables a i and b 

Heat Capacity, cal./deg./mole at 298°K : (solid) 2.63 
(liquid) 7.5 

5.9 

(gas) 4.97 
See equations under Tables a and b 

a HEAT CONTENT AND ENTROPY OF B(c, 1) 4 
(Base,crystalsat298.150K ;atomicwt. 10.82) 

T,°K HT-HjM.it ST 
— S-_>oR.ir. T,°K             Hr-HiBMus ST — S»OK. l r> 

cal./mole cal./deg. 
mole 

cal./mole cal./deg. 
mole 

400  3L0 0.89 1700,                 7765 8.6L 
500      690 1.75 1800                8460 9.00 
600  1120 2.52 1900                9165 9.33 
700  1600 3.26 2000'                9880 9.75 
800     2120 3.95 2100          10,605 10.10 
900      267'0 4.60 2200          11,340 10.45 

1000     3245 5.20 2300 (c)   ...         12,080 10.78 
1100      3845 5.78 2300 (1)    ...         17,380 13.08 
1200      446)5 6.3L 2400          18,130 13.40 
1300     5100 6.82 2600             19,630 14.00 
1400      5750 7.30 2800         21,130 14.55 
1500      6410 7.76 3000         22,630 15.07 
1600      7080 8.19 

61 



Boron, B  (page 2) 

B(c): 
Enthalpy: HT-H298.15 =4,13T +0.83 X 10 *T2 + 1.76 X 10*T l - 1895 

(2.1 percent ;298° -2300°K) 
Heat Capacity : Cv —. 4.13 + 1.66 X 10"8T - 1.76 x 108T 2 

B(i): 
Enthalpy :HT-HaM.its = 7.50T + 130 (0.1 percent;2300° -3000°K) 

T,°K              HT-H29g.15 

cal./mole 
OT — Ö29B. 15 

cal./deg. 
mole 

T,°K HT -tlj»g.15 
cal ./mole 

Sf — S21M. 15 

cal./deg. 
mole 

400            350 
500            785 
600          1295 

100 
1.97 
2.90 
3.78 
4.62 

900   . . 
1000      . 
1100   . . 

3160 
3840 
4535 
5255 

5.^0 
6.12 
6.78 

700           1870 
800         2500 

1200 7.40 

B(amor.) : 
Enthalpy: HT-H298.18 = 3.34T + 1.98X 10ST2 + 1.48 X 1 

(1.1 percent ;298° -1200°K) 
Heat Capacity : C„ = 3.34 + 3.96 X 10"T - 1.48 X 106T"3    ■ 

c. HEAT CAPACITY OF B 
(Solid to 2300°K ;liquid from 2300° to 3000 

OBT-i - 

°K) 

-1668 

T,°K 

298 
400 
800 

1200 
1600 
2000 
2200 
23003000 

Cp (cal./deg./mole) 

2.63 
3.46 
5.35 
6.27 
6.78 
7.20 
7.40 
7.50 

Decomposition Temperature: 
Decomposition Products : 

Vapor Pressure : 56 

Press, mm.     10"8       10-6 10"      io-a 1 102 760     M.P. 

Temp. °K      1650     1850 2100     2430     2930 3730 4200     2300 
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Boron, B (page 3) 

&Ray   Crystallographic Data: 
System Space Group 

tetragonal 
hexagonal 

DLorCf 4» 

a c Molecules/ unit Cell 
8.73A   6.03 50 

11.98     9.54 180 

insoluble (slightly soluble 
when freshly prepared) 

soluble 
insoluble 

See also Ref, 44S13 sup 
Hygroscopicity : 

Solubility Data: In water: 

In HNO„ H,S0,; 
In ale, eth., alk.: 

Health Hazard: Boron is not highly toxic but it is a cumulative poison which 
affects the central nervous system. 

Safety Classification: 
OSM : Class 2 when not packed in original containers or equivalent. 

Fire and Explosion Hazard : Boron dust is dangerous as it can ignite on contact 
with air and explode. It reacts with oxidizing agents and is a dangeroui 
fire and explosion hazard. It bums with intense heat. In the presence oi 
moisture hydrogen may bG evolved. Therefore B should be stored in a drj 
atmosphere andin a properly vented building. Use only nonsparking tooli 
around B. Ho fight a fire use no water; use powdered graphite, dolomite 
salt or other inert material. At about 600° it ignites and bums with I 
brilliant green dame. 

Electrostatic Sensitivity: 
Use in  Pyrotechnics:   Boron 

powders. 
is used as a component of non-gaseous fuz< 

18 

1,29 

12.25 

12,14,16 

Additional References : 
1) "Boron," J. A. Kohn et al, eds., Plenum Press, Inc., New York (1960) 

Proceedings of the Conference on Boron, sponsored by the Institute fo 
Exploratory Research, The U.S. Amy Signal Research and Develop 
ment Laboratory, Rrt Monmouth, N.J. 
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CALCIUM, Ca                                        1 Refs 

Specification No. : 12056A (tech.) 
Molecular Weight ; 40.08 
Crystalline Form 
Color: 

cubic 1 

silvery white when first 
cut; tarnisnes toplue-grey 

29 

on exposure to air 

Density, sr./ml.: (solid) 1.55 
)° :    22 X 10-* 

1 
Coefficient of Thermal Expansion, linear, 0-3W 36 

cubic, 0-21°:    717 X 10"« 

Heat of Formation, Kcal./mole at 298°K : (gas) 42.200 5 
Free Energy of Formation, Kcal./mole at 298°K:    (gas) 34.138 5 

Entropy, cal./deg./mole, at 298°K : (c) 9.96 ± ,10 
(gas) 36.99 

3,5 
5 

See Tables a, b, and c 

Melting Point: 11230K (850°C) 4,5 

Heat of Fusion, cal./mole: 2070 ± 80 4,5 
Boiling Point: 1765°K (1492°C) 5 
Heat of Vaporization, cal,/mole : 35,840 5 
Transition Point : ato/3 713°K (440°C) 4.5 
Heat of Transition, cal./mole : 270 4 
Heat of Sublimation, cal./mole, at 298°K: 42,200 5 
Heat Content or Enthalpy, cal./mole at 298°K :        (did) 1380 5 

See Tables a b, and c 
Heat Capacity, zz L/deg./mole at 298°K: (solid) 6.30 • 4,5 

See data below (liquid) 7.40 
(gas) 4.97 

a. HEAT CONTENT AND ENTROPY OF Ca(c, 1) 
(Base, «-crystals at 298.15°K; atomic wt., 40.08) 

T, °K                       HT-H29».IS                     ST— ÖMK.I5 T, °K            HT - HgM. it ST-SJM.IS 
cal./mole            cal./deg. cal./mole cal./deg. 

mole mole 
400  660                    1.90 1123 (/?)...          6825 10.39 
500  1340                     3.42 1123 (1)  . . .          8895 12.23 
600  2055                     4.72 1200           9465 12.72 
700  2800                     5.87 1300         10,205 13.31 
713   («)... 2900                     6.01 1400   ......        10,945 13.86 
713 (ß) . . . 3170                     6.39 1500   .....        11,685 14.37 
800  3850                     7.29 1600         12,425 14.85 
900  4690                      8.28 1700         13.165 15.30 

1000  5605                     9.24 1800 13,905 15.72 
1100  6590                   10.18 
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Calcium, Ca (page 2) 

Ca(a): 
Enthalpy : HT - HSM.<» — 5.25T + 1.72 X lO'T* 
Heat Capacity :CP= 5.25 + 3.44 X 10T 

-1718 (0.3percent;298°-713°K) 

Ca()9): 

Enthalpy : HT- HJM.II =* 2.68T + 3.40 X 10-*T« 
Heat Capacity: C,= 2.68 + 6.80 X 10-"T 

-472 (0.1percent;713°-1123°K) 

Ca(l) : 
Enthalpy :HT- Hm,„ = 7.40T + 585 (O.lparasnt ;1123° - -1800°K) 

b. HEAT CONTENT AND ENTROPY OF Ca(g) 
(Base, ideal gas at 298.15°K; atomic wt., 40.08) 

4 

T, °K            H-r-HjoH.i» 
cal./moie 

ST-S2M. is 
cal./deg. 

mole 

T,°K HT-H2»8.15 

cal./mole 
ÖT-S298.15 
cal./deg. 

mole 

400               505 1.46 1900   . 7965 9.2L 
5Ö0          1005 2.57 

3.48 
4.24 
4.90 
5.49 

2000   . 
2200    . 
2400    . 
2600 
2800   . 

. . . .            8465 9.46 
600         1500 . . . .            9470 9.94 
'703          1995 . . . .         10,490 10.39 
800         2495 . . . .         11,535 10.80 

12,615 11.20 

1000          3490 6.01 3000   . . . . .         13,745 11.59 
1100            3985 6.49 3500   . . . . .         16,880 12.56 

1200              4480 6.92 4000   . . . . .        20,670 13.57 

7.32 4500   . . . . .         25,250 14.64 
1400           5475 7.69 

8.03 
5000 
6000   . 

. . . .        30,685 15.79 
1500           5975 . . . .         43,870 18.18 
1600              6470 8.35 7000   . . . . .         59,365 20.57 
1700              6970 8.65 

8.91 
8000 . . . .         76,140 22.81 

1800           7465 

Enthalpy: HT- HWMj = 4.97T 
Ca(g): 

-1482 (O.lpen :ent;298°- 2500°K) 
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Calcium, Ca (page 3) 

c. HEAT CAPACITY OF Ca 

Solid I from 298° - 713°K 
Solid II from 713° -1123°K 

T,°K C° (cal./deg./mole) 

298 
400 
600 
700 
800 
900 

1000 
1100 

6.30 
6.64 
7.3L 
7.64 
8.03 
8.78 
9.49 

10.18 

Liquid from 1123° - 1765°K 
Gas (mon) from 1765° -3000°K 

T °K C° (cal./deg./mole) 

1200to 
1700 
1800 
2200 
2600 
3000 

7.40 
4.99 
5.06 
5.30 
5.80 

Decomposition Temperature: 
Decomposition Products : 

Vapor Pressure: 

DTA 

Press. " ". 10 40 100 400 760 M.P. 

TemD. °C 983 1111 1207 1388 1487 851 

X-Ray Crystallographic Data : 
System Space^Group 
cubic en 

Hygroscopicity : Reacts with water' 
Ca(OH)2 and hydrogen. 

Solubility Data: In water: 

In acids: 
In alcohol: 

In benzene, liquid 

Health   Hazard : 
Safety Classifications: sty L-iai 

OSM: 
ICC: 
U.N. 

a Atoms/Unit Cell 
5.56 4 

(much slower than does sodium) to form 

reacts to form Ca(OH)2 
and hydrogen 

soluble 
■  slightly soluble, with 

which it reacts slowly 
NH3, kerosene : insoluble 

caustic to all tissues 

not listed 
not listed 
not listed 

Fire and Explosion Hazard. The powdered Metal exposed to air is a dangerou; 
fire hazard. It burns with intense heat and a crimson flame. When com 
pounded with oxidizing agents the powdered metal is both a dangerous fir0 

and explosion hazard. It is a strong reducing agent. Contact with alkali hy 
droxides or carbonates may cause detonation. Precautions should be take) 
to prevent water from contacting the material. Store and process it onl 
in rooms or buildings adequately vented at the highest point to preven 

13 

1 

1,29 

1 

29 

12,14, 29 
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Calcium, Ca (page 4) 

accumulation of evolved hydrogen gas which results from the reaction of 
powdered metal and moisture. In the repair or maintenance of buildings 
or equipment, powder or dust should be removed and non-sparking tools 
used. CC1« should not be used near calcium as an explosion may occur. 

Electrostatic Sensitivity :   

Use in Pyrotechnics: As a fuel and to impart a crimson color to burning com- 
positions. 

Additional References: 
1) Ref. 94 
2) CA. 37,2578 (1942) 

Addnl. Ref. 2 
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CALCIUM CARBONATE, CaC03 Kefs. 

(Marble, Precipitated Chalk, Whiting, White Chalk, Prepared Chalk, 1,11,29 

Calcite, Drop Chalk, Paris White, English White, Iceland Spar) 

Specification No. : JAN-C-293 
Molecular Weight: 100.09 
Crystalline Form : (aragonite) rhombic 

(calcite) hexagonal 
1 

Color: colorless 1 
Density,  g./ml. : (aragonite) 2.93 

(calcite)       2.711 
1 

Coefficient of Thermal Expansion, 
cubical, marble : 0.3-0.6 X10-* 1 
Iceland Spar, 50-60°C : 0.1447 X 10 * 1 
calcite, linear —parallel to axis, 0-85°C 25.14X10"° 1 

perpendicular to axis, 0^85°C : 5.88 X 10° 
Heat of Formation, Kcal./mole at 298°K : aragonite (c)-288.49 

calcite (c)-288.45 
1.9 

Free Energy of Formation, Kcal./mole at 298°K :  aragonite (c)-269.53 1.9 
calcite (c)-269.78 

Entropy, cai./deg./mole at 298°K : (aragonite) 22.2 ± 0.3 3 
(calcite)      22.2 ± 0.2 3 

See Tables a and b 
Melting Point: (aragonite) about 1098°K 

(825°C) 
1 

(at 102.5 atm.)         (calcite) 1612°K 
(1339°C) 

Heat of Fusion, 15°g. eal./mole : 12,700 7 
Boiling Point : 

Transition Point: 
Heat of Sublimation : 
Heat Content or Enthalpy: see below 

a. HEAT CONTENT AND ENTROPY OF CaCOs   (CALCITE) 4 
(Base, crystals at 298.15°K ; mol. wt, 100.09) 

T, °K             HT-Hn9j,ir,          ST-SMS.IB T,°K             HT-H,08.ir. ST- S^Dg.is 

cal./mole             cal./deg. cal./mole cal./deg. 
mole mole 

400           222Ü                      6.38 900         15,500 27.61 
5 00           4610                   11,71 1000         18,430 30.70 
600           7200                    16.13 1100        21,450 33.58 
7 0 0           9890                   20.57 1200        24,550 36.27 
800         12.600                   24.27 
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Calcium Carbonate (page 2) 

CaCO, (calcite) : 
Enthaipy :H.r-H298.,r,-- 24.98T + 2.62X 10 ST2 +6.20X 10rT » -9760 

(0.3 percent; 298° - 1200°K) 
Heat Capacity :C„= 24.96+ 5.24 X 10ST -6.20X 105T 2 

T,°K HT-Hj»g,i5 

cal./mole 
Sr-Sj»8.15 
cal./deg. 

mole 

T,°K HT- H298_15 

cal./mole 
ST — S298.15 

cal./deg. 
mole 

350  
400  

1050 
2130 

3.24 
6.13 

500  
550  

4400 
5650 

11.27 
13.58 

450 3260 8.79 600 6900 15.75 

CaC03 (aragonite) : 

Enthalpy :HT - H298.iS = 20.13T + 5.12 X lO'T2 + 3.34 X lOT"1 - 7577 
(0.1 percent;298° -600°K) 

Heat Capacity : Cp =20.13 + 20.24 X 10 3T - 3.34 X 105T 2 

Heat Capacity, eal./deg./moIe: (aragonite) 19.42 
(calcite)      19.57 

Decomposition Temperature : about 825°C 

S. Peltier and C. Duval, Anal. Chim. Acta 1, 345-347 (1947) states that 
CaC03 Eoses C02 at 660°C and changes to CaO. See also Addnl. Ref. 1. 

Decomposition Products : 
For Dissociation Pressure see Ref. 54V3 
log P.... =11,S55/T -5.3881og T + 26.238 

Vapor Pressure : 

X-Ray Crystallographic Data 

System 
aragonite:    rhomb, 
calcite: rhbdr. 

Hygroscopicity : 

CaO + C02 

ata : 
iace 
'roup 
VJ« 

a       b       c 
4.94   7.94  5.72 

Axial 
Angle 

Molecules/ 
Unit Cell 

4 
DA 6.361 a=i=46°6' 2 

Solubility Data: In water: 
In water saturated with C02 
In dilute acids: 

insoluble 
slightly soluble 
soluble with evolution of 

C02 

Health Hazard : Large doses may cause constipation 

54V3 

42V7 

29 

29 
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Calcium Carbonate (page 3) 

Safety Classifications: 
OSM : not listed 
ICC : not listed 
U.N.: not listed 

Fire and Explosion Hazard: none 
Electrostatic Sensitivity :   
Use in Pyrotechnics : CaCOs is used as a retardant and antacid. It imparts a 

yellow-red color to burning compositions. 

Additional liefe rences : 
1) "Differential Thermal-Analysis Studies of Ceramic Materials: 1, Char- 

acteristic Heat TTIHIS of Some Carbonates", R. M. Gruver, J. Am. 
Ceram.Soc. 33,96 (1950) 
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CALCIl'M NITRATE, Ca(NO,), 

(Lime Sultpeter, Lim<> Nitrate, Nitro (Gleite, Norway Sultpoto.r) 

Percent Oxygen: 58.50 
Specification No. : none 
Molecular Weight : 163.10 
Crystalline Form : cubic 
Color: colorless 
Density, g./ml. : (solid) 2.36 
Coefficient of Thermal Expansion : 
Heat of Formation, Kcal./mole at 298°K: (c) -224.0 
Free Energy of Formation, Kcal./mole at 298°K : (c)-177.34 
Entropy, cal./deg./mole at 298°K : 46.2 

See table below 
Melting Point: 834°K (561r 

Heat of Fusion, Kcal./mole : 5.1 
Boiling Point: decomposes 
Heat or' Vaporization : 

Transition Point: 
Heat of Sublimation: 

C) 

HEAT CONTENT AND ENTROPY OF Ca(No3)2(c) 
(Base,crystals at 298.15°K; mol. wt, 164.10) 

Kvfs. 

1, 11.16 

1 
1 
1 

1.» 
1.9 
1,-1,9 

7?9 
9 
1 

T, °K H-f- ri^* a. i.i ST — S'.Min.is T/'K HT - H2(18.15 OT — ojnR.ir» 

cal./mole cal./deg. 
mole 

cal./mole cal./deg. 
mole 

400  3960 11.42 700  18,410 38.01 
500 . . . . . 8340 21.15 800  23,970 45.43 
600  13,150 29.91     • 

Ca(NOs)2(c) : 
Enthalpy :HT -H,„s.iri ^ 29.37T +18.40 X 10-«T» + 113 X 10r'T-> 

- 11,778 (0.3 percent; 298° - 800°K) 
Heat Capacity: CP =29.37 + 36.80 X 10ST-4.13 X 10BT 2 

Heat Capacity, cal./deg./mole : \       (solid) 35.69 
See also equation immediately above      / 

Decomposition Temperature : 
Decomposition Products : 

For DTA and TGA see Rafs. 33 and 47 
Vapor Pressure : 

480-500°C Addni. Ref. 1 
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Calcium Nitrate, Ca(NOs) 2   (page 2) 

X-Ray Crystallographic Data : 
System 
cubic 

Hygroscopicity 
Solubility Data 

Health Hazard 

Space Group a Molecules/Unit Cell 
TS 7,60 4 

Deliquesces in moist air. Keep in tightly closed container. 
In water, g./100 ml. at °C: 102 at 0°, 341 at25°, 

376 at 100° 
In acids: 
In ethyl, acetate, and alcohol: 
Large amounts taken internally are poisonous. 

very soluble 
soluble 

1.97V7 
29 

29 

12 

Safety Classifications: 
OSM: Class 1 
ICC : Listed under "Explosives and Other Dangerous Articles." Oxidizing 

material ; yellow label. 
Fire and Explosion Hazard : Ca(NOa)2 may explode when shocked, or by heat, 

flame, or chemical reaction. It is a strong oxidizing agent and reacts vigor- 
ously with oxidizable materials. Ca(NO»)a emits toxic fumes on decompo- 
sition. 

Electrostatic Sensitivity :   
Use in Pyrotechnics : Ca(NO»)s is used as an oxidizer and to impart a yellow- 

red color to burning compositions. 

Additional References : 
1)  C.A.49,12932 (1955) 

12 
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CALCIUM OXALATE, CaC804«H,0 
(Monohydrate) 

Specification No.: JAN-C-628 
Molecular Weight: 146.12 
Crystalline Form : monoclinic 
Color: colorless 
Density, g./ml.: (solid) 2.2 
Coefficient of Thermal Expansion : 
Heat of Formation, Kcal./mole at 298°K : -399.1 
Free Energy of Formation, Kcal./mole at 298°K: -360.6 
Entropy, cal./deg./mole at 298°K : 37.28 
Melting Point: loses H20 at 

473°K(200°C) 
Heat of Fusion: 
Boiling Point: 
Transition Point: 
Hew of Sublimation : 
Heat Content or Enthalpy : 
Heat Capacity, cal./deg./mole : 
Decomposition Temperature :TGA 

(solid) 36.40 

See pyrolysis curve below 
Decomposition Products : Calcium carbonate, calcium oxide. 

See pyrolysis curve below 

Dissociation Pressure for CaC204: 
T°C        P T°C P 

378         8.2        410 250.0 
388       80.0        416 587.0 
403      134.0       418 684.0 

X-Ray Crystallographic Data: 
System     Space Group       a c 

2y2 HoO tetragonal          C4
a
h          12.302 7.331 

3H20                                 CM           12.376 

Hygro3copieity : 

7.377 

Molecules/Unit Cell 

Soiubility Data: 
In water, acetic acid, and alcohol: insoluble 
in acids: soluble 

Health Hazard : Corrosive and produces local irritation. Has a caustic effect oi 
rnouth, esophagus, and stomach. Can cause severe damage to kidneys. 

Refs. 

1,5 
1 
1 

1 
1 
1,9 
1,29 

Addnl. Refs. 
1,2,3, 4, 5 

91 

91 

18V2 
85 

1 

12 
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Calcium Oxalate, CaC2(VH20 (page 2) 

Safety Classifications: 
OSM : not listed 
ICC: not listed 

Firs and Explosion Hazard: Can be dangerous when heated to decomposition 
because of toxic fumes. 

Electrostatic Sensitivity :   

Pyrolysis Curves of Calcium Oxalate, Carbonate, and Oxide 

12 

Addnl. Ref. 1 

0.63g 
ioo\ 

226° 
50 mg n. —r 

420°    660' 

\ 
840°   980« 

Temperature °C 

Ute in Pyrotechnics: As a retardant and to impart a pirck color to burning 
compositions. 

Additional References: 
1) "On the Thermogravimetry of Analytical Precipitates," S. Peltier and 

C. Duval, Anal. Chim. Acta 1,347 (1947) 
2) E. S. Freeman and B. Carroll, J. Phys. Chem. 65,394 (1958) 
3) Nature 178,324 (1956) 
4) "Anhydrous Calcium Oxalate as a Weighing Form for Calcium," C. C. 

Miller, Analyst 78, 186 (1953) 
5) CA. 47, 5756 (1953) 
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CALCIUM OXIDE, CaO 
(Lime, Burnt Lime, Fat Lime, Quick Lime, Calx, Calcia) 

Specification No. : 

Molecular Weight: 56.03 
Crystalline Form : cubic 
Color: t colorless 
Density, g./ml. : 3.346 
Coefficient of Thermal Expansion, cubical: 5.0 X 10-T 

Heat of Formation, Kcal./mole at 298°K; (C)-151.9 
See Table a 

Free Energy of Formation, Kcal./mole at 298°K: (c)-144,4 
See Table a 
a. HEAT AND FREE ENERGY OF FORMATION OF CaO(c) 

T,°K H (cal./mole) F° (cal./mole) 

298.16 . . . . -150,650 (±400) -143,250 (±500) 
400     -150,600 -140,600 
500  -150,500 -138,250 
600   .... -150,450 4 -135,800 
673  -150,400 -134,000 
673  -150,500 -134,000 
700      -150,450 -133,350 
800   .... -150,400 -130,900 
900    .... -150,300 -128,500 

1000   .... -150,250 -126,050 
1100    .... -150,200 -123,600 
1124   .... -150,200 -123,050 
1124   .... -152,450 -123,060 
1200   .... -152,350 -121,050 
1300   .... -152,200 -118,450 
1400   .... -152,100   . -115,850 
1500   .... -151,950 -113,300 
1600   .... -151,800 -110,700 
1700   .... -151,650 -108,150 
1760   .... -151,550 -106,650 
1760   .... 188,150 -106,660 
1800   .... -188,000 -104,800 
1900   .... -187,550 -100,200 
2000   .... -187,150 -95,550 

Phase Changes of Metal 
T.P ,;673°K ;AH== 115eal,/g,-atom 

M.P , 1124°K;AH=2230cal./g -atom 
B.P., 1760°K; A H —- 36,600-cal./g.-atom 

Refs. 

1 
1 
1 
31 

9 
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Calcium Oxide, CuO (page 2) 

Free Energy Equations : 

Reaction Range of Validity, nK 
1) Ca(«) +1/2 0, (g) ^CaO(c) 298.16to673 

A^ =-151,850-6,56T logT +1.46X 10 ST2 +0.68 X lO^T"1 +43.931' 

2) Ca (/}) +V202 ig) =CaO (c) 673to 1124 
AF? = - 151,730-4.14T logT + 0.41 X 10 "F +0.68 X lOT1 + 37.63T 

3) Ca (1) +y2 02 (g) =CaO (c) 1124to 1760 

AF° =-153,480-1.36T log T-0.29 X 10*T2 + 0.68 X 105T'' +31.49T 
4) Ca (g) +V204 (g) =Ca0 (c) 1760to2000 

AF°=- 194,670-718T log T- 0.29 X 10*Ta +0.68 X 10»T » + 73.84T 

(c) 9.5 
(gas) 52.3 

Entropy, cal./deg./mole at 298°K: 

See Table b 

HEAT CONTENT AND ENTROPY OF CaO (c) 
(Base, crystals at 298.15°K) 

9 
9 

T, °K HT -H298.J5 

cal./mole 
ST — Ö298.1S 

cat./deg. 
mole 

T,°K HT- H2t8 is Sr-Swg.is 
cal/mole cal./deg. 

mole 

12,110 17.38 
13,430 18.36 
14,760 19.28 
16,100 20.14 
17,440 20.96 
18,780 21.72 
20,130 22.45 
21,480 23.15 

400 
500 
600 
700 
800 
900 

1000 
1100 
1200 

1100 
2230 
3400 
4600 
5820 
7040 
8270 
9520 

10.800 

3.17 
5.69 
7.82 
9.67 

11.30 
12.73 
14.03 
15.22 
16.34 

1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 

CaO(c) : 
Enthalpy :HT-HM8 15=11,67T +0.54X lO'T2 + 1.56X 10T1 

(0.3 percent ;298-2000°K) 
Heat Capacity: CP= 11.67 +1.08 X 10 3T -1.56 X 105Ta 

•4051 

T,°K HT - H2»g_l!l ST — 0298.15 T,°K H? -ri2»8.is ST-Ö2»8.15 

cal./mole cal./deg. 
mole 

cal./mole cal,/deg. 
mole 

400    .... 825 2.38 1000 6005 10.25 
500   .... 1665 4.25 1200 7775 11.87 
600   .... 2515 5.80 1400   .... 9545 13.23 
700    .... 3380 7.13 1600 11,325 14.42 
800   .... 4250 8.30 1800 13,115 15.47 
900    .... 5125 9.33 2000   . . . . 14.910 16.42 

76 



Cakium Oxide, CuO (page 3) 

CaO(g) : 
Enthalpy: HT -HIM ,Ä^8.70T +0.08 x ™ *T2 + 0.74 X 10'T » -284i> 

(0. percent; 298° - 2000°K) 
Heat Capacity :CV=*X+ 0.16 X 10'T - 0.74 X lOT* 
Melting Point: 2843°K (2570°C) 
Heat-of Fusion, Kcal ./mole : 12 
Boiling Point: 3123°K <2850°C) 
Heat of Vaporization :   
Transition Point:   
Heat of Sublimation :   

Heat Capacity, cal./deg./mole : (solid) 10.23 
See also equations under Tables b and c 

Decomposition Temperature and Products : 
Dissociation Pressure :logioPm». = 2.74/10*T +9.97 (overthe 

temperature range, 1600-1750°K) 
See also Refs. 42V7 and 44B2 for additional values 

X-Ray Crystallographie Data: 
System Space Group a Molecules/Unit Cell 

cubic Ol 4.797 4 

Hygroscopicity : Very hygroscopic. Combines with water to form Ca (OH);. 
Keep containers dry and tightly closed. 

Solubility Data :In water, 0.13L atl0°C : 
0.07 at 80°C : reacts to form Ca (OH> 

In acids, glycerol : soluble 
In alcohol: insoluble 

Health Hazard: Caustic reaction on skin and respiratory system. The dust is 
an industrial hazard. Causes dermatitis. Treat with large quantities of 
water. 

Safety Classifications: 
OSM : not. listed 
ICC: not listed 
U.N.: corrosive 

Fire and Explosion Hazard : Slightly dangerous. Produces heat on contact with 
water, steam, acids, or acidfumes. 

Electrostatic Sensitivity:   

Use in Pyrotechnics: Calcium oxide is a product of high temperature burning 
of calcium and many of its compounds. 

Additional References : 
1)  Ref. 64 
2j "Vapor Pressure Determination of BaO, SrO and CaO, and Their Mix- 

tures from Measurements of the Rate of Evaporation," A. Claassen and 
C. Veenemans, Zeit. Physik 80, 342  (1933); cited by Ref. 65 

*1A 

31A 

Addnl. Ref. 2 

29 
1 

12, 25, 29 

12 
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CALCIUM PERCHLORATE   (ANHYDROUS) , Ca(UO,), 

Percent  Oxygen : 53.56 
Specification No. : 
Molecular Weight: 238.99 

Crystalline Form : 
Color: 

cubic 
colorless 

1 
1 

Density, g./ml. : 
Coefficient of Thermal Expansion : 
Heat of Formation, Kcal./mole at 298°K: 
Free Energy of Formation: 

(estd.) -178 72 

Entropy : 
Melting Point: 
Heat of Fusion : 

396°K (123°C) 65 

Bailing Point': decomposes 65 
Values in the literature range from less than 573°K (300°C) 
to about683°K (410°C) 

Transition Point:   
Heat of Sublimation :   
Heat Content OF Enthalpy:   

Heat Capacity:  
Decomposition Temperature : 

DTA and TGA, see Refs. 33,47 
Decomposition Products : 

Vapor Pressure : 

X-Ray CrystallographicEabaforCa(C104)8«3H20 : 

System Space Group 
hexagonal 

Hygroscopicity : 
Solubility Data : In water 

bubbling slight at 258°C, 
vigorous at 285° C 

CaCl2 "■" 02 with traces of 
CaO and Cl2 

a 
7.71 

c 
5.42 

Molecules/Unit Cell 
2 

deliquescent 
lS8.6g./100g. at25°C 
very soluble in hot water 

Solubility in Organic Solvents at 25°C 
Solvent 
acetone 
ethyl acetate 
ethyl alcohol 
ethyl ether 
methyl alcohol 

g./100 g. solvent 
6L.76 

113.5 
166.2 

0.26 
237.4 

Refs. 

47 

Addnl. Ref. 1 

65 

1 
1 

65,72, 77 
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Glcium Perchlorate(Anhydrous), Ca(C104)t (page 2) 

Health Hazard: CaCIO« is anaferate irritant to the skin and mucous mem-    12,65 
branes. Avoid contact with. skin. A weak muscular poison. It is not cumu- 
lative and not reduced in the body. 

Safety Classifications: 
OSM:   Class 1. Class 2 when not packed in original containers or equiv- 

alent. 
ICC:     Oxidizing material; yellow label. Tasted under "Explosives and 

Other Dangerous Articles." 
Fire and Explosion Hazard; CaClO« is a powerful oxidizer. It may cause fire^    12 

or explosions when shocked or heated or by chemical action with reducing 
substances such as carbonaceous materials. It forms explosive.mixtures 
with sulphur, powdered magnesium, and aluminum. It also emits highly 
toxic fumes when heated. 

Electrostatic Sensitivity :   
Use in Pyrotechnics: CaCIO« is used as an oxidizer and to impart a yellow-red 

color to burning compositions. 

Additional References: 
1)  C.A.6J, 2439 (1957) 
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CALCIUM PHOSPHIDE, Ca.P, 
(Photophor ) 

Specification No.: MIL-C-3539 
The specification covers two types: Type A, uncoated, and Type B, coated 
with KiiC^O?. Both types are in the form of solid sticks or lumps V± to 1 in. 
in diameter. The types differ in their rate of reaction with water. When 
immersed in sea water, Type A shall immediately produce a vigorous reac- 
tion with a strong bright flame while Type B is required to give a maximum 
evolution of smoke and flames at approximately 15 min. after contact with 
the'water. The two types also evolve different amounts of gas for equal 
masses. 

Molecular Weight: 182.20 
Crystalline Form : cubic \ddnl. Ref. 2 
Color: redish-brown, \ddnl. Ref. 2 

Density, g./ml, : (solid) 2.51 at 15°C 3IA 
Coefficient of Thermal Expansion : .-—. , 
Heat of Formation, Kcal./mole at 298°K : (c)-120.5 L,9 
Free Energy of Formation : 
Entropy : 

Melting Point: about 1873°K(1600°C) 1,29 . 
Heat of Fusion: 

Boiling Point:   
Transition Point:   
Heat of Sublimation :   
Heat Content or Enthalpy:   
Heat Capacity:   

Decomposition Temperature; Can be heated to 1250°C without decomposing 
but reacts with moist air. Reacts in air about 300°C and becomes incan- 
descent. 

Decomposition Products :   
Vapor Pressure :   
X-Ray Crystallographic Data :   

Hygroscopicity : Decomposed on contact with water, evolving spontaneously 
flammable phosphine. 

Solubility Data :In water : see Hygroscopicity above 
In acids: soluble 
In alcohol, ether, benzene : insoluble 

Health Hazard : Dangerous, due to reactivity with water which evolves severely 
toxic phosphine. 

Safety Classifications : 
OSM : not listed 
ICC:     Flammable solid;yellow label. Listed under "Explosives and Othei 

Dangerous Materials." 

Refs. 

fcddnl. Ref. 1, 
54V8 

29, Spec. 

1 

12,93 
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Calcium Phoaphidr, Ca.iP3 (page 2) 

Fire and Explosion Hazard: Liableto spontaneous combustion. Dangerous when 
heated as it emits highly toxic fures of oxides of phosphorus. May explode 
when heated by a flaie.See Hygroscopicity. 
Caution: Keep dry and tightly closed (for this reason it is packaged in 
soldered tins). Under these conditions no gas should be evolved. 

Electrostatic Sensitivity:   
Use in Pyrotechnics: As a fuel and to impart a yellow-red color to burning com- 

positions or to produce smoke and flame. 

Additional References: 
1) "Phosphorus and Its Caqxoxls, "by V. Wazer, Interscience Publishers, 

Inc., New York (1958) 
2) M. V. Stackelbergand R. Paulus, Zeit. Physik. Chem. 22B, 305 (1933) 

1">, 12, 
Addiil. llv.L I 

29,spec. 
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Time 65% R.H. 75% R.H. 86% R.H. 93%R.H. 

Stat.      Vac. Stat.      Vac. Stat.     Vac. Stat.     Vac. 
24 hrs. 
1 week 
30 days 

14.0        8.3 
12.8      12.1 

11.5       14.1 
13.0       12.5 
14.1 

25.4        19.0 
23.2       25.6 
27.7 

27.1      23.4 
23.9      27.5 
30.9 

Solubility Data: soluble in petroleum 
solvents 

/v'efe. 

5ÖV2 

12 
1 

Äddnl. Ref. 1 

32 (Table 14) 

50 
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Calcium Kesinate (page 2) 

Health Hazard : unknown 
Safety Classification : 

OSM : not listed 
ICC :     Flammable solid : yellow label. Listed under "Explosives and Other 

Dangerous Materials." 
Fire and Explosion Hazard: Slight; when heated it can react with oxidizing 

materials. 
Electrostatic Sensitivity:   
Use In Pyrotechnics : Calcium resinate is used as a retardant fuel, and binding 

agent. Imparts a yellow-red color to burning compositions. Use also as a 
waterproofing agent. 

Additional References : 
1) "A Comparative Study of the X-Ray Diffraction Patterns and Thermal 

Transitions of Metal Soaps," M, J. Void and R. D, Void, J. Am. Oil 
Chemists'Soc. 26,520 (1949) 

12 

17 
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CALCIUM  SILICIDE, CaSi2 

Specification No. : JAN-C-324 

The specification covers two grades which differ in purity and granulation. 
Grade I is used in smoke mixtures, and Grade II in both smoke mixtures 
and tracer compositions. 

Molecular Weight: 96.26 
Crystalline Form : glassy solid 
Color:   
Density, g./ml, : (solid) 2.5 
Coefficient of Thermal Expansion:   
Heat of Formation, KcaL/mole at 298°K: (c)-36 
Free Energy of Formation :   
Entropy :   
Melting Point: 1493°K (1220°C) 

1020°C 

Heat of Fusion: 

Roiling Point: 
Transition Point.: 
Heat of Sublimation: 

Heat Content or Enthalpy : 
Heat Capacity : 

Decomposition Temperature : 
Decomposition Products : 
Vapor Pressure : 

X-Way Crystallographic Data 

System 
hexagonal 

Space Group 
D5 

M 

a      Axial Angle 
10.4       21°30' 

Molecules/Unit Cell 
2 

Note: The structure is characterized by layers of rings with six Si atoms 

Hygroscopicity : See Solubility (in water) 
Solubility Data : In cold water : insoluble 
In hot water decomposes according to the equation : 

CaSi2 +6H80 =Ca(OH) ,+2Si02 +5H20 
In acids and bases: decomposes 

Health Hazard : Has caustic action irritating to the skin and respiratory system 
May cause dermatitis and irritation to the eyes and mucous membranes. 
(Treatment—wash with large volumes of water) 
Believed to be nontoxic. 

Reft. 

L 

I 

1,9 

9 
44, Addnl. 

Ref. 2 

1 

Addnl. Refs. 
2,3 

1 
Addnl. Ref. 2 

12 

93 
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Calcium Suicide, CaSi2 (page 2) 

Safety Classification : 
OSM: 
ICC : 

not listed 
flammable solid 

Fire and Explosion Hazard : Dangerous by chemical reaction with oxidizers. 
When heated can burn or explode and emit toxic fumes. In contact with 
water may emit flammable silicon hydrides. 

Electrostatic Sensitivity : -,  

Use in Pyrotechnics: CaSij is used as a fuel and to impart a yellow-red color to 
burning compositions. tfeed in igniter compositions for tracer projectiles, 

Additional  References : 
1) E. Wohler and E. Sehiephake, Zeit, anorg. Chan. 151,1 (1926) 
2) "Silicon and Its Binary Systan,"A. S. Birezhnoi (Translated firm 

• the Russian), CcnsultantsBureau, New York (I960) 
3) H. Böhm and O.Hassel, Zeit, anorg. Chem. 160,162 (1927) 
4) C.A. -49,14326 (1955) 

UAddnl. 
Ref. 1 

17,Addnl. 
Ref. 4 
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CALCIUM STEARATE 
Formula: 
Specification No.: 
Molecular Weight: 
Crystalline Form : 

See Addnl. Refs. 
Color: 

2, 3 

Density: 

Coefficient of Thermal Expansion : 
Heat of Formation, Kcal./mole at 18°C 

Free Energy of Formation: 
Entropy : 
Melting Point: 
Heat of Fusion : 
Boiiing Point: 
Transition Point 

Ca(C,RHMOs)i 
JAN-C-263 
607.00 
crystalline powder 

opaque, translucent after 
heating and cooling 

H,=-662.6 
Hv=-641.1 

452-453°K (179-180°C) 

decomposes 
Phase changes at 65, 86, 123, 150, 195 and 350°C. Below 

150°C the stable phases are crystalline. 

Transition Temperatures and Heats of Transition 
eal./mole °C 

89 
107 
152 
190 
58 
89 

106 
146 
187 

9080 

7430 

Note: Values vary with the source of the samples,, which are not pure. 
The 150-195°C phase is a liquid crystal. Quenching from a temperature 

of 123-150°C produces an unstable crystal, but an unstable vitreous form 
results on quenching from above 150°C. Technical Ca stearate resembles th« 
pure material but assumes the vitreous form more readily and crystallizes with 
difficulty. 
Heat of Subiimation :   

Heat Content or Enthalpy:   
Heat Capacity:   

Decomposition Temperature, °C : 

For DTA see Addnl. Ref. 4 

above 350 

Refs. 

Addnl. Ref. 4 

Addnl. Ref. 1 

Addnl. Refs. 
2,3 

Addnl. Ref. 2 

Addnl. Refs. 

2,3,4 
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Calriurn Ste>araie (page 2) 

Decomposition Products : 
Vapor Pressure: 
X-Kay Crysta'llographic Data: 

For X-Ray Diffraction Data see Addnl. Ref. 5 
Hygroscopicity : 
Solubility Data: In water: 

In alcohol and ether: 
In methyl acohol and toluol, g./lOO g, : 

0.004 g./100 ml. atl5°C 
(not readily wetted) 
insoluble 

Temp. "C methyl alcohol toluol 

25 0.05 0.03 
50 0.09 0.47 
75 0.22 

100 srelled* 

none mentioned 

not listed 
not listed 

*Ca stearate precipitated on cooling 
Health Hazard: 
Safety Classifications: 

OSM: 
ICC: 

Fire and Explosion Hazard :   
Electrostatic Sensitivity:   
Use in Pyrotechnics : As a fuel and to impart a yellow-red color to burning com- 

positions. Also waterproofing, lubricating, and bonding agent. 

Additional References : 
1) E. MSdard, M6m. artillerie fran«; 28, 467 (1954) 
2) "Polymorphic Transformations of Ca Stearate and Ca Stearate Mono- 

hydrate," R. Void et al., J. Colloid. Sei. 3, 339 (1948) 
3) '"Crystal Forms of Anhydrous Ca Stearate Derivable from Calcium 

Stearate Monohydrate," M. Void et al., J. Colloid Sei. k, 93 (1949) 
4) "Differential Thermal Analysis of Metal Soaps," G. Hattiangdi et al. 

Ind. Eng. Chem. 41,2320 (1949) 
5) "Characterization of Heavy Metal Soaps by X-Ray Diffraction,"  R 

Void and G. Hattiangdi, Jnd. Eng. Chem. Al, 2311 (1949)    ■ 
6) "Aero Metallic  Stearates," Am.  Cyanamid Co., Bound Brook, N. J. 

(I960) 

Addnl. Ref. 6 
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CARBON BLACK (DRY)  and LAMPBLACK, C 
(Cape Cod Black, Gloss Soot, Light Soot, Flame Soot, 

Flame Black, Furnace Black, Channel Black, and a wide 
variety of proprietary namee und numbers) 

Specification No. : Carbon black (dry) : MILC-11403 
Lampblack : TT-L-706 

Carbon black is an amorphous, quasi-graphitic carbon obtained by burning 
gas, oils, tars, or other carbonaceous material in an insufficient amount of air to 
form a deposit of soot. By varying the process and the starting material, prop- 
erties of the products can be varied considerably. Carbon black is usually, one 
of the followingtypes : 

a) Animal charcoal, made by charring bones, meat, or blood. 
b) Gas black, furnace black, or channel black, made by the incomplete 

combustion of natural gas. 
c) Lampblack obtained by burning various fats, oils, and resins, under 

controlled conditions. 
d) VJbod. and vegetable charcoals. 

Carbon blacks are very finely divided. Most individual particles are in the 
range of 13 to 274 m^. As colloids, the particles are negatively charged and' 
show the Brownian movement. Lampblack is amorphous but most carbon blacks 
are a mixture of the amorphous and crystalline forms. Carbon blacks have an 
enormous surface per unit mass and are very absorbent. The structure and pH 
can also be varied over a wide range. Carbon blacks thus find a wide variety of 
uses. 

The individual fine particles are composed of several thousand crystallites. 
These are in parallel layers of carbon atoms arranged in hexagonal rings as in 
graphite, but in carbon black the symmetry is much less precise so that the 
carbon atoms in adjacent layers are rotated about an axis at right angles to 
their plane. The structure is similar to that of true graphite as the carbon rings 
are arranged roughly parallel and equidistant but otherwise completely random, 
and the dimensions within a layer are the same as in graphite. The layer is 
somewhat larger than in graphite. The effect of heat treatment is to increase 
the size of the parallel layer groups. On graphitization the material changes 
discontinuaily to the crystalline graphite structure. The usual carbon black is 
not finely divided graphite. Small angle scattering indicates the existence of 
clusters of a few hundred angstrom units in size. These clusters are measured 
by microscope units, by the electron microscope and by surface areas, rather 
than the much smaller parallel layer groups. 
Molecular Weight: 12.011 
Crystalline Form: fluffy, amorphous powder 
Color: black 

Refs. 

16, 22, 29, 
50V3 

Density, g./ml.: (solid) 1.8-2.1 

Addnl. Refs. 
4, 5, 6,10, 11 

1 
1 
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Carbon Black, C (page 2) 

Coefficient of Thermal Expansion, linear 
see also Ref. 63 

Heat of Formation: 
Free Energy of Formation: 
Entropy : 
Melting Point: 

Heat of Fusion: 
Boiling Point: 
Heat of Vaporization, cal./g. : 
Transition Point: 
Heat of Sublimation, Kcal.'/mole : 

Heat Content or Enthalpy: 
Heat Capacity: 
Decomposition Temperature: 
Decomposition Products: 
Vapor Pressure : 

0.65X10" 

3925-3970°K, sublimes 
(3652-3697°C) 

4473°K (4200°C) 
11,900 

135.7 
133± 12 

Press, mm. 04 20 120 240 760 
Temp. °C 2375 2935 3250 3490 3700 

Press, mm. 243 327 380 509 608 760 
Temp.°C 4015 4052 4801 4117 4137 4190 

X-Ray Crystallographic Data : 
See Addnl. Refs.  3, 4, 10, 11 

Hygroscopicity : 
Solubility Data :In water, acids, and alkalies : insoluble 
Health Hazard : Considered nontoxic. Prolonged internal use may cause vitamin 

and mineral deficiency and interfere with digestion. 

Safety Classifications : 
ÖSM :   Atmospheres containing carbon black are included under hazard- 

ous locations, class 11. 
ICC : not listed 

Fire ana Explosion Hazard: Slight when exposed to heat or flame. Lampblack 
made by incomplete combustion of petroleum may heat spontaneously when 
freshly bagged. It has great affinity for liquids and heats spontaneously on 
contact with drying oils. It should be thoroughly cooled before bagging and 
stored in a cool, dry place away frorn^ oxidizing materials. Lampblack dust 
can be exploded. Sae data following: 

Addnl. Ref. 1 

Addnl. Ref. 1 

Addnl. Ref. 7 
Addnl. Ref. 3 

Addnl. Ref. 8 

Addnl. Ref. 9 

12, 25, 29 

12, 50V6 
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Carbon Black, C (page 3) 

Explosibility of Lampblack: 

Concentration 

(mg./l.) 
100 

Max. 

—  Press. 
{Ibs./sq, 

10 

A vg. Rate of 
Press. Rise 

in.)      (lbs./sq. in./sec.) 
13 

Max. Rate of 
Press. Rise 

(lbs./sq, in./sec ) 
119 

Ignition Temperature, °C : 
Carbon black (produced in reducing atmosphere) 535 
Thermal carbon blacks : 449-485 
Lampblack (oxidizing atmosphere) : 352-362 
Carbon blacks (natural gas) : 313-324 

Heat of Combustion (at constant volume), cal./g. : 
Carbon amorphous : 8130 
Carbon black (dried at 100°C) : 7810 

(degassed at 1000°C) : 8270 
Specific Heat at 25°C, g./cal./g. 0.2 
Use in Pyrotechnics: Lampblack is used by the Chemical Corps as a pigment in 

protective coatings. 

Additional References: 

1) "Industrial Carbon," C. L. Mantell, D. Van Nostrand Co., Inc., Prince- 
ton, N.J. (1946) 

2) L. Medard, Mem, artillerie franc, 28, 485 (1954) 
3j "Ionization and Dissociation by Kkd.rni Impact, Methylene, Methyl 

and Methane," A. Langer et al., J. Chem. Ehys. 22, 1836 (1954) 
43 Chem. Eng. News 23,2078 (1945) 
5) "Carbon Black," E. Cohan and H. Cohan, Vol. 5, pt 11, "The Science of 

Petroleum," B. T. Brooks and A. E. Dunstan, Eds., Oxford University 
Press, New York (1953) 

6) J. D. Bern&l, Proc. Royal Soc. 106A, 749  (1924) 
7) E. Lindholm, C.A. 51,6345 (1957) 
8) A. Thiel and F. Ritter, Zeit, anorg. Chem. 132,125,153 (1923) 
9) H.Kohn, Zeit, Physik 3,143 (1920) 

B0)   "An X-Ray Study of Carbon Black," J. Biscoe and B. E. Warren, J. 
Appl. Phys. 23,364 (1942) 

11)  "X-Ray Study of Carbon Black," B. E. Warren, J. Chem. Phys. 2, 551 
(1934) 

86 

Addnl. Ref. 1 

AddrJ.Ref.2 

Addnl. Ref. 1 
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CAKBON  TETRACHLORIDE,  CC1, *«/*• 
( Tetraclhktromethane, Benzinofon») 

Specification No.: O-C-141 1.11 
Marking : The Air Force re quires that eachpackage bear a label 
as follows : "Caution : Volatile poisonous solvent. Use with ade- 
quate ventilation. Avoid prolonged breathing of vapor. Avoid 
contact with skin." 

Molecular Weight : 153.84 
Normal Color and Form: colorless liquid 
Density, g./ml. : (liquid) 1.595 at 20/4 

1.63195 at 0/4°C 
Coefficient of Thermal Expansion, cubical, 

0-76°C : 1.236X10* 
V» =V0 +1.8384t"3 +0.8988U-» + 1.35135X 10"8 

Heat of Formation, Kcal./mole at298°K: 

Free Energy of Formation, Kcal./mole at298°K 

(gas!     -25.5 
(liquid)-33.3 
(gas)    -15.3 
(liquid)-16.4 

1 
1 

1,3 

1,9 

.1.9 

Entropy, eai./deg./mole at 298°K : (gas)        73.95 1,9 
(liquid)    51.25 . 

See table below 
Melting Point: 2S0.3°K(-22.8°C) 9 
Heat of Fusion, Kcal./mole: 0.60 9 
Boiling Point: 349.9°K(76.8°C) 9 
Heat of Vaporization, Kcal./mole : 7.17 9 
Transition Poinl t: 225.5°K(-47.6°C) 9 
Heat of Transition, Kcal./mole : 1.09 9 
Heat of Sublimation: 

HEAT CONTENT AND ENTROPY OF CCU(g) 4 
(Base, ideal gas at 298.15°K) 

T, °K "I-"29i).iri                  ST —0208.15 T,°K            HT-IWI5 ST — 0208.15 
cal./mole            cal./deg. cal./mole cal./deg. 

mole mole 

400  2140                      6.16 1000          16,570 27.99 
500   ..... 4395                    11.19 1100         '19,080 30.38 
600   ..... 6740                    15.46 1200         21,610 32.58 
700   ..... 9150                    19.17 1300         24,140 34.61 
Sou    ..... 11,600                   22.45 1400         26,680 36.49 
900  14,080                    25.37 1500         29,220 38.24 
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Carbon Tetrachloride, CC14 (page 2) 

CCl4<g): 
Enthalpy : HT -H„».,B = 24.17T +0.60X 10ST2 +4.10 x 105T » -8635 

(0.3percent;298° -1500°K) 
Heat Capacity :Cp =24.17 + 1.20X 10*T- 4.10X 10&T 2 

Heat Capacity, cal./deg./mole : (liquid) 31.47 
(gas)     19.96 

Decomposition Temperature : Noticeable at 150°C particularly in the presence 
of Cl acceptors, e.g., metals and metal oxides. 

Decomposition Products : Phosgene may be formed, especially in the presence 
of metals. 

Vapor Pressure: 

Press, mm. 10 
TemD. °C       -60.0 -19.6 

40 
+ 4.2 

100 400 760 M.P. 
23.0 57.8 76.7 -22.6 

X-Ray Crystallographic Data: 
interatomic Distances and Molecular Configuration : 
C-Cl, 1.76A ± 0.01; Cl-Cl, 2.86 =t .01 
Tetrahedral model confirmed spectroscopically 

Hygroscopicity: 
Solubility Data : Solubility of water in CC14 is 0.008% by weight at 20°C. Solu- 

bility m water, 0.8 g./100 ml. at 20°C. CCLj is miscible in all proportions 
with alcohol, ether, chloroform, benzene, halogenated hydrocarbons, and 
moot solvents. 

Health Hazard : CCi4 is a systemic poison with a narcotic action resembling that 
of chloroform. It may cause death through respiratory failure, and can 
cause serious effects to kidneys, liver, lungs, and the nervous system. It can 
be fatal when taken internally. Dermatitis may result from repeated skin 
contact, and its vapors are toxic. 
M. A. C: 25 parts per million in air for an 8-hr. work day. 
Caution: Do not use CC14 to fight fire in unventilated spaces such as small 

rooms or closets. Store in airtight drums. 
Note: CC14 poisoning is detectable in the blood and urine. 

Safety Classifications: 

OSM: not listed 
ICC: not listed 

Fire a««i Explosion Hazard : CC14 is not combustible, but its vapor is toxic. It is 
dangerous when heated to decomposition due to formation of highly toxic 
phosgene. 

Electrostatic Sensitivity:   
Azeotrope: CC14 forms an azetrope with water which boils at 66°C at 1 atm. 

and contains 4.1 r'o watnr. 

4,9 

Addnl. Refs. 
2,3,4 

85 
55 

53 V1 

12,14, 29 

12,14, 29 

h'AV 
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Garbon Tetrachloride, CGI* (page 3) 

USG in Pyrotechnics: CCLj is used as a noncombustiblesolvent and fire retardant 
in certain compositions. 

Additional References: 
1) Ref. 52 
2) "Poisonous Gases from Carbon Tetrachloride Fire Extinguishers," A. 

C. Fieldner et al., J. Franklin Inst. 190, 543 (1920) 
3) "Determination of Phosgene," A. C. Fieldner et al., Ind. Eng. Chem. 

Anal.Ed.£,20(1936) 
4) "Mass Spectrographic Study of the Species CS, SO, and CC12 Produced 

in Primary Heterogeneous Reactions," L. P. Blanc hard and P. LeGoff, 
Can. J. Chem. 35,89 (1957) 
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CASTOR OIL I    Reis. 

(Ricinus Oil, Oil cf Palma Christi, Tangan-Tangan Oil, 
Ricinus Communis) l«2ö 

Formula : Castor oil is a natural product of somewhat variable composition. 
Specification No, : MIL-C-15179Ä 

(dehydrated) 

Castor oil is a light yellow to brownish oil obtained from the seed beans of 
the castor plant. When pure and fresh, it is nearly colorless and transparent. 
The hot pressed oil is brownish. Castor oil does not readily turn rancid, and is 
classed as anon-drying oil. 

Dehydrated castor oil must be made by the dehydration of castor oil and 
polymerization of the resulting product, without admixture of other oils. 
Molecular Weight: castor oil is a variable 

natural product 
Normal Color and Form: pale yellow oil 
Density, g./ml. :: (liquid) 0.960-967 
Coefficient of Thermal Expansion :   
Melting Point: turbid at 261"K (-12°C), 

solid at 255-256°K 
(-17to-18°C) 

Boiling Point: 586°K(313°C) 12 

Decomposition Temperature:   
Decomposition Products :   
Vapor Pressure:   

Hygroscopicity:   
Solubility Data : Miscible with absolute ethyl alcohol, methanol, ether, chloro-    29 

form, glacial acetic acid. 
Health Hazard : slight, used medicinally 
Safety Classifications : 

OSM: not listed 
ICC : not listed 

Fire and Explosion Hazard: combustible 
Flash Point, °F: 445 (closedcup); 75 

545 (open cup) 
Autoignition Temperature, °F: 905 75 
To fight fire: use foam, dry chemical, 

CC14 or water 95 
Electrostatic Sensitivity :   

Use in Pyrotechnics : Castor oil is used as a fuel, as a waterproofing and bind.    17 
ing agent, and to reduce sensitivity to friction. 
See Addnl. Refs. 
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Castor Oil (page 2) 

Castor oil composition, % : 
diglycerides of ricineleic acid: 
oleic acid; 
linoleic acid: 
stearic acid : 
dihydrostearic acid : 
tocophorol : 

Castor oil is dextro rotary and has the following 
Refractive index: 

Viscosity at 25°C, poises: 
Surface tension at 20°C, dynes/cm.: 

80°C, dynes/cm. : 
Acid value: 
Saponification value : 
Iodine value (Wijs) : 
Reichert Meissl number: 
Maumene number: 
Acetyi value : 
Unsaponiflable matter : 
Specific heat, cal./g., at 40°C : 

at200°C: 

80-86 
7-9 
3-3.5 
0.3 
0.6-1.8 
about 0.05 
characteristics: 

nf>6 =1.473-1.477 
nff =1.466-1.473 
6-8 
39.0 
35.2 
0.12-0.8 
175-183 
84 
1.4 
46-47 
146-150.5 
0.6 
0.52 
0.59 

16 
29 

50V6 

Additional References : 
1) "Explosives, Matches, and Fireworks," J. Reilly, The University Press 

Cambridge, England (1938) 
2) "Fats and Oils," H. G. Kirschenbauer, Reinhold Publishing Corp., New 

York (1944) 
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CHROMIC ACID, CrOa 

(Chromic Trioxide, Chromic Anhydride, 
Chromium (VI) Oxide, Fed Oxide of Chromium) 

Percent Oxygen : 48.00 
Specification No. : (for technical grade) 

O-C-3038 
Molecular Weight: 100.01 
Crystalline Form : rhombic 
Cc'ior: red (color darkens with rise in temperature and is restored on cooling) 
Density, g./ml. : (solid) 2,70 
Coefficient of Thermal Expansion : 
Heat of Formation, Kcal./mole at 298°K: -142.1 ± 1 

-138.5 ± 2.5 
Addnl. Ref. 8 gives literature values from - -140 to-147 

Free Energy of Formation at 298°K: -120.2 

BEAT AND FREE ENERGY OF FORMATION, CrOs(c) 

T,°K                     A H (cal./mole) A F° (cal./mole) 
296.16   ....          -140,000(db 3000) -121,000 (±3b00) 
400           -139,000 -114,500 
471           -139,000 -110,000 
471           -135,000 -110,000 
500                            -134,500 -108,500 
600                            -133,000 -103,500 

Entropy, cal./deg./mole at 298°K : (solid) 17.5 
17.2 ± 2.5 

Free Energy Equations: 
Beactkzi Range of Validity, °K 

1)  Cr (c) +3/202(g)=Cr03(c) 298.16to 471 
A F° = -141,590- 13.82T logT +103.90T 

2)  Cr (c) +%02(s)r=CrOs(l) 
A F£ =- 141,580-32.24T log T +153.14T 

471 to 600 

Melting Point, °C: 19« 
(with decomposition) 19' 

Heat of Fusion, Kcal./mole 3.77 
Boiling Point, °K: decomposes 
Heat of Vaporization: 
Transition Point: 
Heat of Sublimation : —— 
Heat Content or Enthalpy: 
Heat Capacity: 

Refs. 

Addnl. Ref. 8 

IA 
LA, 54V2 
IA 

Addnl. Ref. 7 
24A 

6 
24A 

1A.31 
Addnl. Ref. 8 
2 
IA 
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Chromic  Acid,  CrOa   (page 2) 

Decomposition Temperature : 
For TCA see Addnl. Ref. 9 
For DTA and TGA see Refs. 33 and 54V2 

Decomposition Products 

Vapor Pressure : 
X-Ray Crystallographic Data : 

System       Space Group ab c 
orthorhombic D«j 5.70 ±0.05   8.46 ± 0.03   4.77 ±0.03 

above 230°C 

Cr808l CrjOts, CrOs, 
Cr2Os + 03 

Molecules/ 
Unit Cell 

4 

Hygroscopicity : 

Solubility Data : 
In water : 

deliquesces above 35% 

166g./100 ml. at 15°C and 
206.7 at100°C 

In ether, alcohol, H2S04 : soluble 
Health Hazard : Extremely toxic. Local irritant and systemic poison. L.D.   (sub- 

cutaneously in dogs) 330 mg./kg. Concentrated solutionsmay cause derma- 
titis and local ulceration. Inhalation causes irritation to nasal mucosa and 
respiratory tract. Ingestion may cause nausea, vomiting, diarrhea, renal 
damage, and death. 
Caution—-notfor internal use. 

Safety Classifications: 
OSM : not specifically mentioned 
ICC: oxidizingmaterial, yellow 

label 
M.C.A.: warning label required 

Fire and Explosion Hazard : Dangerous ; may oxidize organic compounds with 
explosive violence. Contact with combustible material may cause fire and 
evolution of highly toxic fumes. 
Foamite is ineffective against a chromic acid fire as the acid supplies its 
own oxygen. Carbon tetrachloride should not be used OR a chromic acid 
fin;. Water is the only effective agent. 

Use in Pyrotechnics: asanoxidizer 

Additional References: 
I)  "Preparation of Ferromagnetic  Chromium Dioxide," B.  Kubota, J, 

Phys. Soc, Japan 15,1706(1960) 
(See note below) 

2;   'Decomposition of Higher Oxides of Chromium under Various Pres- 
sures cf Oxy2-" " B. Kubota, J. Am. Cerm. Soc. 44,239 (1961) 

29 

54V2 
Addnl. Refs. 

4,6 

Addnl. Ref. 5 
96 

Addnl. Ref. 3 

1A 

29,12 

12,29 

Addnl. Ref. 3 
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Chromic Acid, CrOj   (page 3) 

Note : Both references above discuss the thermal decomposition of Cr03 
under high oxygen pressure resulting fron the oxygen liberated from 
Cr03 itsjlf. 

3) "ChrcmicAcid in the Metal Finishing Industry," Diamond Alkali Co,, 
Cleveland, Ohio (1953) 

4) "The Products of Thermal Decomposition of Chromium Trioxide," R. S. 
Schwartz etal., J. Am. Chem. Soc. 74,1676 (1952) 

5) "The Crytal Structure of Chromium Trioxide," A. Bystrom and K, A. 
Wilhelmi, Acta. Chem. Scand. U, 1131 (1950). C.A. 45,3679 (1951) 

6) CA. 45,21319 (1959) 
7) "The Ifeat of Formation of Ammonium Dichromate," C.A. Neugebauer 

and J. L. Margrave, J. Ehys. Chem. 61, 1429 (1957) 
8) "Chromium," M. Judy, Reinhold Publishing Corp., New York \l #öö) 
9) CA. 42,422 (1948) 
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CHROMIC OXIDE, CraO, 
(Chromium (III) Oxide,   Chromium   Sesquioxide,   Chrome   Green, 

Green Cinnabar, Green Oxide of Chromium, Anadonis Green, 
Ultramarine Green, Chrome Ocher, Oil Green, Leaf Green, 

Green Rouge) 
Percent Oxygen: 31.57 
Specification No. : not listed 
Molecular Weight: 152.02 
Crystalline Form : hexagonal 
Color: green 

Commercial materials vary Prom a brownish green, to greyish green, to 
olive green to bright grass green. 

Density g./ml, : (solid) 5.21 
Coefficient of Thermal Expansion : 

Refa. 

Addnl. Ref. 8 

T,°C 

200 . 
400 . 
600 . 
800 . 

1000 . 
1200 . 

% Linear Expansion bet. 
100°C and Indicated  Temp. 

0.07 
0.14 
0.36 
0.5L 
0.66 
0.82 

10s X Mean Thermal Coeff, of 
Expansion bet. 100°C and 

Indicated Temp. 
6.8 
7.1 
7.1 
7.3 
7.3 
7.4 

PA 
1A 

54V2 
1A 

Addnl. Ref. 5 

Heat of Formation, Kcal./mole at 298°K : -269.7 
-272.7 ± 4 
-272.65 
-263.5 

a. HEAT AND FREE ENERGY OF FORMATION OF Cr20» (*,ß) 

T,°K A H (cal./mole) AF° (cal./mole) 

298.16. . . . -272,650 (± 350) -253,150 (±500) 
298.16.. . . -272,550 -253,150 
400   -272,250 -246,550 
500  -271,850 -240,200 
600   -231,500. -233,900 
700   -271,200 -227,650. 
800   -270,850 -221,450 
900  -270,650 -215,250 

1000   -270,450 -209,150 
1100   -270,300 -203,000 
1200   -270,150 -196,900 
1300   -270,100 -190,800 
1400   -270,100 -184,700 

9.31A 
Addnl. Ref. 4 
2 
Addnl. Ref. 3 
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Chromic Oxide, 0*0, (page 2) 

T,°K A H (cal./mole) A F° (cal./mole) 

1500   .... -270,150 -178,600 
1600 -270,200 -172,450 
1700   .... -270,300 -166,400 
1800   .... -270,500 -160,250 
1823 -270,550 -158,850 
1823   .... -278,950 -158,850 
1900   .... -279,000 -153,800 
2000   .... -279,100 -147,200 

Free Energy of Formation, Kcal./raole at298°K : -250.3 ± 0.6 AddiJ- Äef 4 
Entropy, cal./deg./mole at298°K : 19.4 1A.9.S1A 

b. HEAT CONTENT AND ENTROPY Cr,0, (c) 4 
(Base^r-crystals at 298.15°K) 

T,°K HT — HIM. ig 
cal./mole 

ST — SZM.IS 

cal./deg, 
mole 

T,°K HT-HJU.I» 
caI./mole 

ST - Sns.it 
ca!./deg. 

mole 

298.16 (ß).  .            100                  0.34 1200   .... 26,430 40.11 
400           2740                  7.94 1300   .... 29,550 42.60 
500           6540                 14.19 1400     32,670 4491 
600           8380                 19.36 1500   .... 36,790 47.07 
700        11,280                23.82 1600    .... 38,920 49.08 
800        14,230                27.76 1700   .... 42,050 50.98 
900        17,210                 31.27 1800   .... 45,180 82.77 

1000        20,240                 34.46 1900    .... 48,320 54.47 
1100        23,320                37.40 2000    .... 51,460 86.08 

Cr20, (0): 
HT - H2B8IS = 28.53T + l.lOX lO-n* +3.74 X lO8!1-1 - 9758 

(0.2 percent; 298° - 1800°K) 
Cp = 28.53+2.20 X 10 »T-3.74X lOT 2 

Free Energy Equations : 2 
Reaction Range of Validity, °K 

1)    2 Cr (c) + % 0, (g) = Cr20, (ß) 298.16to 1823 
A F^: =-274,670-14.07T log T +2.01 X 10-«T» +0.69 X lOT"1 +105.61T 

2)    2 Cr (1) + 3/202 (g) = Cr,0, (ß) 1823to 2000 
äFT°= -278,030 + 2.33TlogT-0.35 X 1 0»T* +1.57X 10-T-» +58.29T 

Melting Point, °C : The range of values listed in the literature vary 
as much as 500°C. 
Lowest value 1900 31A 
Highest value 2435 Addnl.Ref.5 
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Chromic Oxide, Cr2Og (page 3) 

Heat of Fusion, Kcal ./mole : 
Boiling Point, °K: 
Transition Paint, °K: €,, to C, 

Heat of Transition, Kcal./mole : 
Heat of Sublimation : 
Heat Content or Enthalpy : 

See Table b 
Heat Capacity : 

See Table b 
Decomposition Temperature : 

See also Addnl. Ref.   1 
For DTA see 54V11 

Decomposition Products : 

Dissociation Pressure : 

25 
decomposes at 3300 ± 300 
306 
298 
0.1 

3300 ±: 300 

>,41 

Oxygen Pressures over Crs03 

Press, atm. 7.4X1026              5.1 X10-23 3.8 X 10-» 
Temp. °C 895                          968 1002 

For Dissociation Pressure curve see Ref. 54V11 
X-Ray-Crystallographic Data:' 

System        Space Group a c 
D6 
XJ Q Hexagonal 

Hygroscopicity : 
Solubility Data: In water: 

In acids, alkalies, or alcohol: 

4.954       13.548 at 26° C 
Molecules/Unit Cell 

6 

insoluble 
slightly soluble 

Health Hazard : Poisonous. Corrosive on skin and mucous 'membranes. 
Safety Classifications : 

OSM : not listed 
ICC: not listed 

Fim and Explosion Hazard :   
Electrostatic Sensitivity :   
Use in Pyrotechnics : Product of the burning of chromium and some chromium 

compounds. 

Additional References: 
1) ""Decomposition of Higher Oxides of Chromium under Various Pre.1 

sures of Oxygen," B. Kubota, J. Amer. Cerm. Soc. 44,239 (1961) 
2) "The Volatilization of Chromium Oxide," D. Caplan and M. Cohen, $■ 

Electrochem. Soc. 108,438(1961) 

Addnl. Ref. 5 

97V5 
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Chromic Oxide, Cr2Os   (page 4) 

3) "Thermodynamics of the Oxidation of Chromium," J. N. Ramsey et al., 
J. Electrochem.Soc. 10S, 135 (1956) 

4) "Heats of formation of chromium oxide and cadmium oxide from com- 
bustion calorimetry," A. D. Mah, J. Am. Chem. Soc. 76,3363 (1954) 

5) "Chromium," M. Judy, Reinhold Publishing Corp., New York (1956) 
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COBALT NAPHTHENATE 
Cobalt naphthenate is a solution of the cobalt salts of mixed naphthenic 

acids in mineral spirits. The product contains about 6% cobalt and is stand- 
ardized on this basis. Chemical and physical properties of cobalt naphthenate 
cannot be described in the usuil manner because the naphthenic acid usually 
represents a mixture of various cyclopentanemonocarboxylic acids, containing 
on the average about 12 carbon atoms. The carboxyl group is usually separated 
from the cyclopentane group by at least one methylene group, but sometimes 
there may be more than one. The balance of the carbons is made up by alkyl 
substitution on the cyclopentane nucleus. The acids vary considerably depend- 
ing on the particular source of the petroleum crude from which they are derived. 
The cobalt is primarily in th e cobaltous form. 

Chemically the naphthenic acids have been classified as carboxylic acids cf 
the general formulas C„H2II-2L COOH andC.!^.-! COOH, with nest of them in 
the first group. They are derivatives of the 2,8,4-triraethylcyclopentane alkane 
acids, e.g. 
Structural Formula: 

HSC I^J CH,OOH 
CR, 

HsCj—. HjC | 1 
CH,'CH2-CHa-C00H, H,C l^J (CH,)6COOH 

CH3 CHj 

Commercially available naphthenic acids are identified by origin and acid 
number. The lack of a more definite classification is due to the complexity of 
the mixed acids now known as naphthenic acids and to the absence of informa- 
tion correlating the properties of the acids film different sources. 

The general formula has been given as approximately Co(RCOO)2» where 
R is largely a mixture of trimethylcyclopentane alkane radicles. 
Specification No. : TT-D-643 

Specification Requirements : 
Metal (cobalt), %: 
Non-voiati'ie, % : 
sp. Gr.: 
Fiash Pt. (closed cup), °F : 
The volatile matter shall be mineral spirits 

Color: 
Density, g./ml.: 
Melting Point: 
Solubility : 
Health 'Hazard : In the stomach, cobalt naphthenate hydrolyzes to CoCl2, Al- 

though this compound has been used medicinally in ca3es of iron deficiencj 
(anemia), in doses larger than 100mg.CoCl2 is toxic. 

(min.) 5.7 (max.) 6.3 
(max.) 70 
(min.) 0.950 (max.) 1.050 
(min.) 100 

red-blue to purple 
0.947 to 0.965 
398°K (125°C) 
soluble in benzene 

. Refs. 

^ddnl. Ref. 1 

Addnl. Ref. 2 

IVddnl. Refs. 
2,3 

50V5 

50V5 
50V5 
50V5 
50V5 
29V5 
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not listed 
not listed 

Cobalt Naphthenate (page 2} 

Safety Classification: 
OSM: 
ICC: 

Fire and Explosion Hazard:   
Electrostatic Sensitivity:   

Nuodex ProductsCo. specifications for Cobalt Naphthenate (DMRCobalt 6%) : 
Metal acntent, %: 6.0 ± 01 
Color (Gardner), max. : violet blue 
Sp. Gr.: 0;935 -0.980 
lbs./gal. (at80°F) : 7.75-8.15 
Solids, % max.: 67 
80^ Viscosity (max.), Cardner: A, 0.50 poises 
20°F Viscosity (max.), Gardner: K,2.75poises 
Flash Pt. (Pensky-Marten closed cup), °F:    104 

Use in Pyrotechnics: As a paint drier. As a catalyst with Laminae 4116 and 
Lupersol DDM (q.v.). 

Additional References: 
1) Private communication from W. J. Stewart, Nuodex Products Co., Eliz- 

abeth,]^ J. 
2) "Naphthenic Acids and Derivatives," E. R. Littmann and J. R. Klotz, 

Chem.Revs.50,97 (1942) 
3) "A Manual of Organic Chemistry," G. M. Dyson, Longmans, Green and 

Co., New York (1950) 

kddnl.Ref. 1 
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COPPER, Cu Refs. 

Specification No.: JAN-C-768 

Molecular Weight: 63.54 

Crystalline Form : cubic 1 

Color: reddish metal 1 

Density, g./ml.: (solid) 8.93-8.95 1 

Coefficient of Thermal Expansion: 

Temp. Range,°C                    Coefficient 1 
linear                    -191 to + 16 14.09 X 10-8 

(electrolytic) linear                   25 to 100 iii.8 x ioa 

25 to 300 17.8 X 10« 
0 to 600 16.07X10-« 

Equation for Linear Expansion : \ — 1, (1" Kl596+0.102t2) 1 
where I, andl, are the lengths at the temperaturet°C andO°C 

Heat of Formation, Kcal./mole at 298°K : (gas) 81.1 5 
Free Energy of Formation, Kcal./mole at 298° K ::       (gas) 71.628 5 
Entropy, cai./deg./molo at 298°K : 7.97 5 

See Tables a, b, and c 
Meiting Point: 1356°K (1083°C) 5 
Heat of Fusion, cal./mole : 3120 4, 5 
Boiling Point: 2855°K (2582°C) 5 

Heat of Vaporization, cal./mole : 72,800 5 
Transition Point: 

Heat of Sublimation, cal./mole at 298°K : 81,000 5 
Hear.Content or Enthalpy, cal./mole at 298°K : (solid) 1201 5 

(gas)   2116 9 

See Tables a, b, and c 

a  HEAT CONTENT AND ENTROPY OF Cu(c, 1) 4 
(Base, crystals at 298.15°K; atomic wt. 63.54) 

T, °K               HT -H2nn.i-,            ST— S:>j)8.iri T,nK            HT-HJ,,,,., ST -S208.15 

cal./mole            cal./deg. cal ./mole cal./deg. 
mole mole 

400                  600             .        1.73 1100              5190 8.28 
500            1215                    3.10 1200           5895 8.90 
600    .....           1845                    4.25 1300           6615 9.47 
700           2180                   5.28 1357(c)    . . .          7040 9.79 
800                3130                    6.10 1357(1)     ...        10,160 12.09 
900               3800                    6.80 1400            10,480 12.32 

1000    .     ...            i4%                      7.61 1500           11,230 12.84 
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TV'K 
cai ./mole 

ST-SJM.U 

cal./deg. 
T,°K "T — 1I2M.IS 

cal./mole 
ST-SJ»)|.15 

1600  11,980 
1700  12,730 
1800  13,480 
1900      14,230 
2000      14,980 

13.33 
13.78 
14.21 
14.62 
15.00 

2200  16,480 
2400  17,980 
2600   19,480 
2800   20,980 

15.71 
16.37 
16.97 
17.52 

,     Cu(c): 
Enthalpy :HT -H„».,8 =5.41T +0.75X 10-*T» -1680 (0.3percent ;298° -1357°K) 
Heat Capacity :CP = 5.41+1.50 X 10*T 

Cu(l) : 
Enthalpy : HT -HW8.16 =7.50T -20 (0.1 percent ;298° -2800°K) 
Heat Capacity :CP= 7.50 

b. XEAT CONTENT AND ENTROPY OF Cu(g) 
(Base, ideal gas at 298.15°K; atomic wt., 63.54) 

T,°K 
cal./mole 

ST-Ö2»8.15 

cal./deg. 
mole 

T,°K HT —Hi«,15 ST-SJ»8.I» 

cal./mole caL/deg. 
mole 

7985 9.22 
8495 9.48 
9530 9.97 

10,590 10.43 
11,680 '10.87 
12,815 11.29 
13,995 11.70 
17,155 12.67 
20,600 13.59 
24,290 14.46 
28,150 15.27 
36,160 16.73 
44,450 18.01 
53,175 19.17 

400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
I60Ü 
1700 
1800 

505 
1005 
1500 
1995 
2495 
2990 
3490 
3985 
4480 
4980 
5475 
5975 
6475 
6975 
7480 

1.46 
2.57 
3.48 
4.24 
4.90 
5.49 
6.01 
6.49 
6.92 
7.32 
7.69 
8.03 
8.35 
8.66 
8.94 

1900 
2000 
2200 
2400 
2600 
2800 
3000 
3500 
4000 
4500 
5000 
6000 
7000 
8000 

Cu(g): 
Enthalpy: HT-H298.l5 =4.97T - 1482 (O.lpercent ;298° -2000°K) 
Heat Capacity: Cp =4.97 
Enthalpy :HT-H298.15 =2.861' + 0.53X 10 »T2 +655 (0.2percent ;2000°-5000°K) 
Heat Capacity : C„ = 2.86 + 1.06 X 10 3T 
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Copper, Cu (page 3) 

c. HEAT CAPACITY OF COPPER 

Solid irom 298 to 1356°K 
Liquid from 1356 to  2855°K 

Gas from 2855 to 3000°K 

t,°K C° (cal./deg./mole) 

298 5.85 
400 6.00. 
600 6.3L 
800 6.61 

1000 6.90. 
1300 7.36 

1400 to 2800 7.50 
2900 5.89 
3000 6.0L 

Decomposition Temperature :   
Decomposition Products : 
Vapor Pressure: 

Press.ww.        1            Y0 40 100 400 760 B.P. 
Temp. °C        1628        1879 2067 2207 2465 2595 1083 

X-Ray Crystallographic Data: 
System        Space Group 
cubic ®h 

a Atoms/Unit CeU 
3.608 4 

Hygroscopicity : (Reduced Cu) cumulative increase in weight after 
storage over water for 29 days: 1.9% 
storage over HaSO* for 29 days: 1-0% 
2 days in oven at 105°C: 0.9% 
In moist air gradually formsgreen basic copper carbonate, CuC03Cu (OHJ 

Solubility Data: In water: insoluble 
In HN03, hot H2SO« : soluble 
In HC1, NH^OH, acetic acid : very slightly soluble 

Health Hazard : Copper is not considered an industrial poison. It is moderately 
toxic when inhaled or ingested. 

Safety Classification : 
OSM: class 2 

Fire and Explosion Hazard : The powdered metal is a dangerous fire'hazard 
when exposed to flame or hot sparks. By chemical reaction with oxidizers 
it may explode. It burns with intense heat. Precautions should be taken to 
prevent water from contacting the material. Store and process only in 
buildings adequately vented to prevent accumulation of evolved hydrogen 

1 

1 

51,29 

1,29 

25,93 

14,12,49,51 
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Chopper, Cu (page 4) 

which results from the reactions of powdered metal and moisture, in the 
repair or maintenance of buildings use only non-sparking tools after the 
metal powder or dust has been removed. In fighting fire use no water; 
use powdered graphite, dolomite, or sodium chloride. 

Electrostatic Sensitivity: not ignited by 
electric spark 

Ignition TaqpetatuEe: (Reduced Cu) 
Dust Cloud, °C: 700 
Quiescent Powder : oxidized rapidly at 270°C 

with no ignition 
Use in Pyrotechnics: Copper is used as a fuel. It produces a blue-green color 

in burning compositions. 

Additional Reference: 

1) Ref. 64 

49 

49 
51 

20,60 
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CUPROUS OXIDE, Cu20 
(Cuprite) 

ffrprrifiraticn No.: MEL-C-15169 
The spec covers two types, T>pe I and Type II, vhidi differ in purity. 

Molecular Weight: 143.03 
fiys-halline Phim ■ octagonal, cubic 
Color: yellow orange, red, or 

dark brown, according to 
the netl jod of preparation 

Density, g./ml.: (solid) 6.0 
Coefficient of Thermal Expansion, cubic at 40°C: 2.79 X lfr* 

linear at 40°C: 9.3 X 10-* 
Heat of Formation, Kcal ./mole at 298°K: 39.84 

See Table a 
Free Energy of Formation, cal./mole at 298°K : -34.98 

See Table a 

a. HEAT AND FREE ENERGY OF FORMATION OF Cu,0 (c, 1) 

T,°K H (caL/mole) F° (cal./mole) 

298.16.   . . -40,400 (± 1550) -35,000 (± 1500) 
400    .... 40,200 -33,200 
500  -40,100 -31,500 
600 -39,900 -29300 
700      -39,700 -28,200 
800  -39,500 -26,600 
900      -39,300 ^24,900 

1000      -39,000 -23,300 
1100   .... -38,800 -21,800 
1200    .... -38,400 -20,200 
1300    .... -38,000 -18,700 
1357   .... 37,700 -17,900 
1357   .... -43,900 -17,900 
1400    .... -43,700 -17,100 
1500    .... 43,100 -15,200 
1502    .... -43,100 -15,200 
1502    .... -29,700 -15,200 
1600    .... -29,200 -14,200 
1700    .... -28,800 -13,300 
1800    .... -28,300 -12,400   . 
1900    .... -27,800 -11,600 
2000    .... -27,480 -10,700 

Riase Changes of Metal 
M.P.,1357°K 

AH=3120cal./g.-atom 

Refa. 

79 
1 
54V3 

1.9 

1,9 
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Cuprous Ode, Cu2<)   (page 2) 

Entropy, cal./deg./mole at 298°K ; 

Melting Point: 
Heat of Fusion, Kcal./mole 
Roiling Point: 

Transition Point: 
Heat of Sublimation: 

24.1 
22.44 

3. 4, 9 
2 

1502°K (1229°C) 2.9 
13.4 2,7,9 
losesoxygen at 

2073ÜK (1800°C) 1 

b. HEAT CONTENT AND ENTROPY OF Cu20(c) 
(Base,crystals at 298.15°K) 

T,°K HT - H298,15 ST — S^g.io 1 
cal./mole cal./deg, 

mole 

1720 4.96 900 
3470 8.87 1000 
5280 12.26 1100 
7150 15.14 1200 
3050 17.68 

T,°K HT —HsM.ie ST - Sa«*.™ 
cal ./mole cal./deg. 

mole 

11,000 19.96 
13,020 22.10 
15,120 24.10 
17,320 26.02 

400 
500 
600 
7Ü0 
300 

Cu20(c) : 
Enthalpy :HT-H298.15 =14.90T +2.85 X 10 »T2-4696 

(0.2 percent ;298° -1200°K) 

Heat Capacity :CP = 14.90 + 5.70 X 10^T 
Heat Capacity, cal./deg./mole at298°K : (solid) 16.7 

Decomposition Temperature: When heated in air starts to oxidize slowly at 
about 145°C, and rapidly towards 286°C. 
Heated in air it does not dissociate but oxidizes. 

Decomposition Products : 
Ref. 54V3 states that at high temperature Cu20 dissociates into copper 
and oxygen. 

Dissociation Pressure : 

Press, mm. .02865 .0S16 .0.,28 .038 .138    .446 8.312 40.19 

Temp. °C 500 1000 1500 1800 1900  2000 2300 2500 

X-Ray Crystallographic Data.: 
System Space Group a Molecules/Unit CeU 
cubic Oh 4.26 2 

Hygroscopicity:  Cuprous oxide is stable in dry air, but gradually oxidizes to 
cupric oxide, CuO, in moist air. 

46 

44V60B 

54V3, 
Addnl. Ref. 1 

1 
29 
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Cuprous Oxide, CujO (page 3) 

Solubility Data: In water anü a! 
In HC1; NK,Ci, 
InHNO«: 

Health Hazard: 

cohol: 
NH4OH : 

insoluble 
soluble 
slightly soluble 
slight 

Safety classifications: 
OSM: 
ICC: 

Fire and Explosion Hazard: 
Electrostatic Sensitivity: 

not listed 
not listed 

Use in Pyrotechnics: Cuprous oxide is used as 
organic compounds as a color intensifier. 

a fuel, and with chlorinated 

i  12 

Additional References: 

1) E. Heyn, Zeit. anorg.Chem. $9,1 (1904) 

17 
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"DECHLORANE," CO,, 
(Dimer of Hexaehloroeyelopesrtadieae) 

Note: The name "Dechlorane" is trademarked by the Hooker Chunk-»! 
Corp. 

Formula: 

ftsfr 
AddnLBaf.8 

U4 

Specification No.: not listed 
Molecular Weight: 546.6 
% Chlorine: 7&8 
Crystalline Form: granular solid 
Color: white AddnLRefcl 
Density: 2.020 ± 0.006 ffVec at 

24Jl°C 
AddnLRef.l 

coefficient of Thermal Expansion: 
fcfiip ^ 

Ifefc of Formation: ■ 

Free Energy of Formation:   
Entropy:   
Mating Point, °C: (sealed tube method) 486 AddnLRefr. 

In a DTA run liquif action started at about 160°C 
Heat of Fusion:   
Boiling Point, °C: starts to sublime about 

240 
Transition Point:   
Bfefc of Sublimation :   
Heat Content or Enthalpy:   
Heat Capacity:   
Decomposition Temperature: 

White fumes noted ket. 300°-5O0°C. These fumes darker©! as the temp. 
was raised. Some decomposition above 50O°C. 
For DTA see Ref. 83 

Decomposition Products:   

1.2,88 

AddnLRef.l 

112 



Deehlorane, Ci0O)2  (page 2) 

Vapor Pressure: 

Press, mm. 3 X 10-»       6X1<H       3 X 10 
Temp. 25 50 197 

X-Ray Crystallographic Data: 
Hygroscopicity : 
solubility Data: In benzene: 

Solvent 
toluene 
xylene 

perchloroethylene 
styrene 

mineral spirits (Stoddard solvent) 

soluble 
gJlOO g. solvent at R.T. 

lß.3 
32.7 
10.3 
17.2 
5.8 

Reactivity: Deehlorane is inert to strong oxidizing and reducing agents such 
as H2S04, HN03, aq. NaOH, LiAl, H,, CISOsH, Ha and O, under normal 
reaction conditions. Unaffected by Zn dust plus HCl, acetic acid or meth- 
anol, also by oxidizing agents such as KMn04> CrO« and SO«. 

HealthiHazard : Only slightly toxic. Essentially not irritating to the skin. Oral 
E.D. 50 (value determined on rats) approx. 6000 mg,/kg. 

Safety Classifications: 
OSM : not listed 
ICC : not listed 

Fire and Explosion Hazard:   
Electrostatic Sensitivity: ,   
Use in Pyrotechnics: as a color intensifier 

Additional References : 
1.) Data obtained from literature prepared by the Hooker Chemical Corp., 

Niagara Falls, N. Y. 
2) "An Investigation of the Chlorocarbon, C,0CI,.,, M.P. 485° and the 

Ketone, C10C11(,0, M.P. 349°," E. T. McBee et al., J. Am. Chem. Soc, 78, 
1511 (1956) 

3) "The Chemical Behavior of Hexachlorocyclqpentadiene.il. Condensa- 
tion with Trichloroethylene," J. S. Newcomer and E. T. McBee, J. Am. 
Chem. Soc. 71,952 (1949) 

4) "The Structure of the Compound C,0C1,2," D. H. Zijp and H. Gerding, 
Rec.trav. chim. 77,682(1958) 

Addnl. Ref. 1 

Addnl. Ref, 3 
Addnl. Ref 1 

Addnl. Ref. 1 

Addnl. Ref. 2 

Addnl. Ref. 1 
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DEXTRIN 
(Starch Gum, British Gum, Amyiin, Goiiiineliu, Yrpelahle Gum) 

Dextrin or dexti'ines are obtained by treating starch in any one of a num- 
ber of ways. These include controlled dilute acid hydrolysis of wet starch, the 
use of certain enzymes, and dry heat. The resultant products, whose properties 
vary with the source of the starch and the details of the treatment, are repre- 
sented by the general chemical formula (CaH1005)n*H20. The n is, however, 
much smaller than in the original starch. The various dextrinization treatments 
of starch lead to complex mixtures resulting from three main types of reaction : 

1) Hydrolytic cleavage, which yields smaller and more water soluble com- 
pounds. 

2) Transglucosidation, in which a 1-4 glucosidic bond between two C8Hio00 

units is broken and a 1-6 bond formed with a different CeH10O5 unit, 
with the formation of a branch point. This reaction produces branched 
molecules and little change in molecular weight. 

3) Some repolymerization and condensation of smaller molecules. 
Because the polymolecularity of the original starches differ and various 

treatments result in a mixture of the three main reactions, the products differ 
in size, distribution of molecules, and in extent of branching, and thus have 
different properties. 

Dextrins are distinguished from starch by the violet and red colors that 
dextrins give with iodine solution. 

Dextrins are usually characterized by giving the source or kind of starch 
used, the color of the dry products, their solubility in water, and the viscosity 
of their water dispersions. The following table gives the more common treat- 
ments of starch to produce dextrins, together with some properties of the result- 
ing starches. 

CLASSIFICATION OF DEXTRINS 
Yellow or 

White 
Dextrins 

Manuf. Conditions 

Usual catalyst HC1 

Canary 
Dextrins British Gums 

Temperature, °C 

Time» hrs. 

Prodtici Characteristics 

Color 

Solubility (dispersi- 
büity), % 

Useful diln., parts of water 

79-121 

3-8 

white to 
light cream 

1-96 

2-5 

HC1 

149-218 

6-1S 

none or an 
alkali 
135-218 

10-20 

buff to buff to 
yellow or brown dark brown 

YO-100 

1 or less 

1-100 

3-10 

Refs. 

1,16, 23, 24, 
29,70 

23 
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Dextrin  (page 2) 

Specification: JAN-D-232 
The specification covers two types of com dextrin: Type I—white, and 
Tape 11—yellow. These vary in composition as indicated by a wide differ- 
ence in water solubility. 

Molecular Weight: 

Color: 

Density, g./ml.: 
Melting Rant: 
Specific Heat, calyjr./°C at 90° C: 
Hygroscopicity: 
Health Hazard: 
Safety Classifications: 

OSM: 
ICC: 

Use in Pyrotechnics: 

variable (appreciably 
lessthan starch) 

white to dark brown 
1.0384 
decomposes 
0.292 
very deliquescent 
non toxic 

not listed 
no shipping label required 
fuel and binder 

1 
20V3 
93. 

Dextrins have strong adhesive properties and are used mainly as pastes. 

Additional References: 
1) B. Brimhatl, Pnd Eng. Chem. 36, 72 (1944) 
2) J. Geerdes etd. ,J. Am. Chem.Soc. 79,4209 (1957) 
3) "Chemistry and Industry of Starch,"R. W. Kerr, Ed, Academic Press, 

Inc., New York (1950) 
4) G. M, Christensen and F. Smith, J. Am. Chem. Soc. 79,4492 (1957) 
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l,4-DIAMINO-2,3-DIHYDROANTHRAQlJINONE ^ 
(l^,diamino-2,3-dUiydra-9,iadihydro-9,l<Wikctoanthracene, 

Violet A 100) 

Structural Formula: 82 

H    NH2 

Cl4HwOjN2 CCEG: n   NH, 

Specification No.: M1L-D-3668 
Covers one grade with a minimum-purity of 87%. 

Molecular Weight: 240.26 
Color: violet 
Density, g./ml.: (apparent) 0.35 ± 0.10        Spec. 
Solubility: soluble in 95% alcohol Spec 
Health Hazard : Sometoxicity as indicated by the specification requirementthat 

ouch container be conspicuously labelled: "CAUTION—Avoid skin contact 
ur breathing of dust fumes. Provide adequate ventilation in work areas." 

Safety Classifications: 
OSM: not listed 
ICC: not listed 

Use in Pyrotechnics: To inpart a violet color to burning smoke mixtures. 
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DIATOMACEOUS EARTH 
(Infusorial earth, "Diatomite," foasU flour, Kieselguhr, Triplite, 

Siliceous earth, Tripoli (a type cf crystalline diatomite), 
"Celite," "Feathenrtone," "Filter-Cel," Super-Mom) 

Diatomaceous earth is composed of the siliceous skeletons of diatoms, which 
are microscopic aquatic plants of the class Bacillerieae. These occur in great 
beds and are not earthy. Large deposits occur in the western part of the U.S. 
after being dug from open pits, the diatomite is prepared for commercial use 
usually by being heated to remove organic matter and treated with acids to 
remove iron. The individual diatoms occur in a great many forms and differ 
considerably in size. The average particle size varies from 1 to 40/t and the 
specific surface from about 7.050 to as much as 67,000 sq. cm./g, Chemically, 
diatomite is mainly silica (usually the Si02 content is between 84 and 92%), 

The impurities are highly variable and are usually Al and Fe oxides. The 
water content varies from 2 to 10%. The physical properties also vary over a 
wide range. 

Diatomaceous earth is frequently used because of its highly absorptive 
character which is closely related to its specific surface. Oil absorption varies 
from US to 160 lbs. of oil per 100 lbs. of diatomite; water from one to four times 
the weight of diatomite. This porosity is a result of the fact that the shells cf 
the diatoms are hoiiow. 
Diatomite is a poor conductor of heat, electricity, and sound, and makes an 

excellent filter. 
Specification: MTID-20550 

The specificationrequires that the material be a naturally mined diatomace 
ous earth which has not been ignited. 
Si02 content, % : 85.0to 87.0 
Organic matter; % : max. 1.0 
Linseed absorption, g. oil/100 g, material : 150to 210 

Normal color and form: white to light gray, to pale buff fine powder, variei 
with the nature of the impurities present 

Density g./mi. : 
noncalcined 1.90 
calcined and bleached, whitest grades 2.35 
Apparent: 0.24 to 0.34 
Spec, requirement: (max.) 0.3 

Melting Point: Uncontaminated diatomaceous earth should melt at the temp 
of fusion of silica, i.e., 1873°K (1600°C). The average quality sinters a 
about1073°K (8G0°C). 

Specific Heat: cai./g./deg. at 25°C : 0.23 
Hygroscopicity:   

Refs. 

5ÖV10,16, 
Addnl. Ref. 1 

52V3.29 

Addnl. Ref. 2 

50V10 

Addnl. Ref. 2 

Addnl. Ref. 2 

117 



Diatomaceou» Earth  (page 2) 

Solubility Data: Insoluble in water, acids, and dilute alkalies. Resistant to mast 
chemicals. Attacked by HF and slowly dissolved by hot aqueous caustic 
alkali. 

Health Hazard: Moderately toxic on inhalation. Under lcng exposure to high 
concentrations the dust may cause pulmonary fibrosis. 

Fire and Explosion Hazard: none mentioned 
U9S in Ifoaobadrrics: as an inertfilier 

Additional References: 
1) "Clarifying Efficiency of Diatomaceous Filter Aids," A B. Cummins, 

Ind.Chem,£4,403 (1942) 
2) "Diatomaceous Earth," R Calvert, ACS Monograph No. 52, Chemical 

CatalogueCo., New York (1930) 

29,52 

93,29 
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OlßlJTYLPHTHALATE 
(n-itiitylplithlate, «libaiyl-o-phlhallate, butyl phlhailate, 

dihiityl-1,2-lH>nzenedicarboxyIate) 

Formula :C6H4(COOC4H,), orCHwO, 
The industrial product made by the Commercial Solvents Corp. has the 
following properties: Purity, 9&-100% ; Boiling Range at 37 mm. press.,' 
227-235°C; M.P. < -10°C; Flash Point, 347?F. 

Specification Nb.: 
Molecular Weight: 
Form: 
Color : 
Density, g,/ml. : 

Coefficient of Thermal Expansion : 
Heat of Formation, Kcal./mole at 18°C: 

At constant pressures : 
At constant volume: 

Free Energy of Formation : 
Entropy: 
Melting Point: 
Hear; of Fusion: 

Boiling Point: 

Transition Point: 
Heat of Sublimation: 
Heat Content or Enthalpy : 
Heat Capacity: 
Decomposition Temperature: 
Decomposition Products : 
Vapor Pressure: 

JAN-D-218 
278.34 
oily liquid 
colorless 
(liquid) 1.0465 

1.0427 

-207.2 
-199.6 

238°K (-35°C) 

622°K (349°C) 
613°K (340°C) 

_    Press mm. PO 40 100 400 760 
Temp. °C 148.2 198.2 235.8 263.7 313.5 340 

See also Addnl. Kef. 2 

X-Ray Crystallographic Data :   
Hygroscopieity:   
Solubility Data: Bi water: 0.04g./100 ml. at25°C 

Miscible in ail proportions with alcohol, ether, acetone, benzene, and many 
organic liquids. 

'Refi. 

1 
1 
1 
Addnl. Raf. 2 

Addnl. Ref. 1 

29 
31A 
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Dibutyphthallate (page 2) 

Health Hazard : Low ; ingestion can cause gastrointestinal disturbances. 
Safety Classifications: 

OSM:   Listed as substantially inert and presenting no particular fhs or 
toxic hazard as used in Ordnance establishments. 

ICC : not listed 
Fire and Explosion Hazard:  Combustible on exposure to heat or flame. Can 

react with oxidizing materials, lb fight fire use water, foam, CO», dry 
chemical, or CCL. 

HeatofCombustion,Kcal./moleat20°C (Hs0 liquid) : 
1536.2 

29 

75 

76 Flash Point, °F (closed cup) : 315 
(open cup) : 335 

Autoignition Temperature, °F : 757 6?, 71 
U9S in Pyrotechnics: As a solvent for nitrocellulose. 

Additional References: 
1) L. Medard, M6m. artillerie franc, 28,476 (1954) 
2) "The Vapour Pressure of di-n-butyphthalatedi-n-butylsebacate, Laurie 

Acid and Myristic Acid," E. Hammer and A L Lyderson, Chem. Eng. 
Sei. I, 66(1957) 
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1,4-DI (METHYLAMINO) ANTHRAQUINONE 
(l,4-biä(methylatnino)-anthraquinone; Duranol Brilliant Blue G, 

Cellhon(e) Fast Blue B; CI 61500, CI Disperse Blue 14) 

Structural Formula CuHuNjO* 

0    N(HCH») 
II     i 

COD 
0   N(HCHt) 

Refs. 

Specification No.: 
Molecular Weight: 
Crystalline Form : 
Color: 
Density: 
Coefficient of Thermal Expansion: 
Heat of Formation: 
Free Energy of Formation: 
Entropy: 
Melting Point: 

Spec, min.: 
Heat of Fusion: 
Boiling Point: 
Transition Point: 
Heat of Sublimation: 
Heat Content or Enthalpy: 
Heat Capacity: 
Decomposition Temperature: 

For DTA and TGA see Ref. 80 
Decomposition Products: 
Vapor Pressure : 
X-Ray Crystallographic Data: 

Absorption Spectra, see Ref. 66 
Hygroscopicity: 
Solubility Data (mg./100 mi.), 

In water at 25°C: 
at 80°C: 

MILD-21354 
266.30 

blue 

494-6°K 
(221-3°C) 
482°K (209°C) 

Addnl. Ref. 1 

<0.00002 
0.0002 

I 

Addnl. Ref. 2 
Addnl. tief. 3 
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l,4-Di(melhyUnnino)anthraquinon« (page 2) 

(g./l. at25°C) inC2H5OH: 0.12 
In ethyl acetate: 0.86 
In benzene: 1.9 

Health Hazard: toxicity unknown 92 
The spec, requires that each container be conspicuously labeled, "Caution. 
Avoid skin contact or breathing of dust or fumes. Provide Adequate Venti- 
lation." 

Safety Classifications: 
OSM: notHsted 
ICC: not listed 

Fire and Explosion Hazard:   
Electrostatic Sensitivity:   

tte in Pyrotechnics: to color smoke 
mixtures blue 

Additional References: 
1) CA.47,870 (1953) 
2) J. Soc. Dyers Colourists 70,68-77 (1964) 
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4-DIMETHYLAMINOAZOBENZENE 
(Benzeneazodimethylanüine ; N,N-dimethyl-p-phenylazoaniline; 

Sudan Yellow GGA, butter yellow; methyl yellow, 
C.I. 11020, C.I. Solvent Yellow 2) 

CHH1BN, 

XPA-PD-367 (Rev. 1) 

225.30 
leaflets 
yellow 

Structural Formula : 

(H,ChN-0-N:N-^) 

Specification No. : 
The spec, requires amin. purity of 93%, 

Mole<v lar Weight: 
Crystalline Form : 
Color: 
Density : 
Coefficient of Thermal Expansion : 
Heat of, Formation:. 
Free Energy of Formation : 
Entropy : 
Melting Point: 

Heat of Fusion: 
Boiling Point: 
Transition Point: 
Heat of Sublimation, Kcal./mole : 
Heat Content or Enthalpy:   
Heat Capacity :   

Decomposition Temperature : 
For TGA see Ref. 80 

Decomposition Products :   
Vapor Pressure mM Hg between 86° and 108° = a + (b X 10VT) 

388°K (115°C) 
390°K (117°C) 

28.9 

a = 17.57 ± 0.13, b = - 6.31 ± 0.05, T = = absolute temp. 
Temp. °C    100 110 115 

V.P. M         7.52 12.4 20.2 
Energy of Volatilization, Kcal./mole 

at264-361°C (96% purity) : 21.2 
X-Ray Crystallographic Data: 
Hygroscopicity : 
Solubility Data (g./100g.) 

In water at 25°C: 0.00003 
at 80°C : 0.0008 

In pyridine: about 28 

Refs. 

1, 29, 48, 48A 

1,29 
1 

48 
Addnl. Ref. 1 

Addnl. Ref. 2 

Addnl. Refs. 
1,2 

Addnl. Ref. 2 

80 

Addnl. Ref. 3 

88V16I 
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4-Dimethylaminonzobenzene (page 2) 

In alcohol, benzene, chloroform, ether, petroleum ether, oils, and mineral 
acids.: soluble 

Health Hazard : may cause cancer 
The spec, requires that "Each container shall be conspicuously labeled : 

"CAUTION—Avoid skin contact or breathing of dust or fumes. Provide ade- 
quate ventilation." 

Safety Classifications: 
OSM : not listed 
ICC : not listed . 

Fire and Explosion Hazard:   
Heat of Combustion, cal./mole, Cp : 1909.6 

cv: 1908.3 
Electrostatic Sensitivity:   

Ute in Pyrotechnics: 
to color smokemixturea 

yellow t 

Additional References : 
1) "The Vapor Pressures and Heats of Sublimation of p-Nitroaniline, 

NN-Dimethyl-p-nitroaniline, paminoazobenzene and NN-Dimethyl- 
p-aminoazobenzene," T. G. Majury, Chem. & Ind. 1956,349 

2) "The Dyeing of Cellulose Acetate with Non-Ionic Dyes. III. Dyeing 
from the Vapour Phase," T. G. Majury, J. Soc. Dyers Colourists 72, 41 
(1956) 

3) J. Soc. Dyers Colourists, 70, 68-77 (1954) 

29 

29,84 

88V16 
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2- (4-DIMETHYLAMINO AZOPHENYL)  NAPHTHALENE 
( 4-^-napfclhaleneazodimethylaniline; 
/)-iitfphthaiene&zo-4~dimethylaniIinc; 

N,N-Dsinethy l-p-2-Naphthylazo Aniline) 

Refa. 

Structural Formula: CigHifN» 

Specification No.: 
Molecular Weight: 
Crystalline Form: 
Color: 
Density : 
Coefficient of Thermal Expansion: 
Heat of Formation: 
Free Energy of Formation: 
Entropy: 
Melting Point: 

,-YyN:N-QN(CH,)s 

MIL-D-3613 
275.36 

brownish-yellow 

445° K (172°C) 
447°K (174°C) 

Addnl.Ref.1 
AddnLRefs. 

2,5 
Heat of Fusion:   
Boiling Point:   
Transition Point:   
Heat of Sublimation:   
Heat Content or Enthalpy :   
Heat Capacity:   
Decomposition Temperature:   
Decomposition Products:   
Vapor Pressure :   
X-Ray Crystaliographie Data :   

For Absorption Spectrasee Addnl. Refs.3,4, 5 
Kygroscopicity:   
Solubility Data (g. to dissolve 1 g. dye) : 

In toluene or CC1<: 70 
In benzene: soluble 

Health Hazard:   
Safety Classification: 

OSM: not listed 
ICC: not listed 

Addnl. Refs. 
2,3 
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2-(4-(linieihyIaniinuazuplien>'l) Naphthalene (pag« 2) 

Fire and Explosion  Hazard : 
Electrostatic Sensitivity : - 
Use in Pyrotechnics: to color smoke mixtures 

yellow 

Additional References : 
1) "Condensation of aromatic amines with nitranilines. Preparation of 

azoamine compounds," M Martynoff, Compt. rend. %27, 1373 (1948) 
2) "ZurKentiiiss derDiazoaminokörper," H. Goldschmidt and B. Bardach. 

Ber. 20,386(1928) 
3) "Some Azo Dyes in Non-Aqueous Solvents," C. May and H. Hunt, Ind. 

Chem. 20,386 (1928) 
4) "Absorption spectra and structure of aminoazo derivatives," M. Marty- 

rc£f, Compt. rend. 236, 88 (1953) ;"Physical Properties of the Aminoa- 
zobenzene Dyes. Absorption Spectra in Acid Solution," E. Sawicki, J. 
Org. Chem. 22,1084 (1957) 

5) "Physical Properties of the Aminoazobenzene Dyes. IX. Absorption 
Spectra in Alcohol and Acid Solution of Disazobenzene Dyes,' E. 
Sawicki, J. Org. Chem. 88, 632 (1958) 
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DIPHENYL AMINE 
(n-phenylatiiline^ Anilinobenzene) 

Formula: (CeHshNH 
Specification No. : JAN-D-98 
Molecular Weight: 169.22 
Crystalline Form : monoclinic 
Color: colorless leaflets (darkens 

on exposure to light) 
Density, g./ml. : (solid) 1.159 
Coefficient of Thermal Expansion: '   ' 
Heat of Formation, Kcal./mole at 18°C : 

at constant pressure : -28.2 
at constant volume: -31,7 

Free Energy of Formation: 
Entropy : 

Melting Point: 326°K (53°C) 

Heat of Fusion, cal. (15°C)/g.: 25.2 
Boiling Point: 575°K (302°C) 
Transition Point: 

Heat of Sublimation : 
Heat Content or Enthalpy: 
Heat Capacity: 
Decomposition Temperature: 
Decomposition Products: 

Vapor Pressure : 

Press, mm.         1          10 40 100 400       760       M.P. 

Temp. °C        108.3     357.0 194.3 222.8 274.1      302.0     52.9 

X-Ray Crystallographic Data : 
System            a.            b c Axial Angle   Molecules/Unit Cell 

monoclinic        14.0        33.9 39.5 ß = 91 °30'                   32 
Hygroscopicity : 

Solubility Data (g./100ml.) 
In water at 25°C : 0.030 
In ethyl alcohol : about 44 
in methyl alcohol: 57.5 
In ether: very soluble 
In uenzene and ligroin : slightly soluble 

Health Hazard : Toxic on ingestion, inhalation, oi • skin absorption. Irritating 

to the mucous membranes. 

Refs. 

Addnl. Ref. 1 

12,29 
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Diphenylamine (page 2) 

Safety Classifications : 
OSM: Listed as substantially inert. Presents no particular fire or toxic 
hazard as used in Ordnance establishments. 

Fire and Explosion Hazard : Dangerous ;when heated to decomposition emits 
highly toxic fumes. Can react with oxidizing materials. Combustible. 
Tfo fight fire use water, C02, dry chemicals, or CCU. 

Heat of Combustion, Kcal./mole at20°C and 1 atm. :   1536.2 
SpecificHeat, cal. (15°)/g./°C,solidat26°C 

liquid at 53°C: 
Flash Point, °F (closed cup) : 

Autoignition Temperature, °F : 
Electrostatic Sensitivity : 
Use in Pyrotechnics: 

0.337 

0.464 
307 

846 

as a stabilizer for 
nitrocellulose 

12 

67,75 
1 
1 

12,67 
12,67 

Additional References : 
•   I) L. Medard, M6m. artillerie fran?, 28,478 (1954) 
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ETHYLCELLULOSE Refs. 
(Cellulose Ethyl Ether) 

Formula : [C,Hlft-x08.x (OCaHs)x]n 

where x = no. of (OC2He) groups and n = degree of polymerization 
Specification No. : MIL-E-10858B 

The spec, covers 46,8-48,5% ethoxyl content or x = approximately 2,4-2,5, 
and lists two classes which vary in viscosity, ethoxyl content, ash content, 
and granulation : class I, 46,8-48,5% ; classII, 47.1-48.1%. 

Molecular Weight: variable high 
Crystalline Form : (specification) amor- 

phous granules 
Color: white 
Density, g./ml. : (solid) 1.09-1.17 60 
Coefficient of Thermal Expansion :   
Heat of Formation :   
Free Energy of Formation :   
Entropy: •          
Melting Point: 513°K + (240 +°C)              12 

Ethyl cellulose with 48% ethoxyl content softens at 425-435°K 
(152-162°C) 

Heat of Fusion:   
Boiling Point:   
Transition Point: 

Second order transition temperature, °C :            43                                            59 
Heat of Sublimation :   
Heat Content or Enthalpy:   
Heat Capacity:   
Decomposition Temperature :   

For DTA and TGA see Ref. 33 
Decomposition Products :   
Vapor Pressure:   
X-Kay Crystallographic Data:   
Hygroscopicity :   

Solubility Data (for 47% ethoxyl content) : Soluble in ethyl acetate, ethylene,    29 
dichioride, benzene, toluene, xylene, butyl acetate, acetone, methanol, etha- 
nol and CC14. 

Health Hazard : none mentioned 
Safety Classifications: 

OSM: not listed 
ICC: not listed 
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EthylcelluloM? (page 2) 

Fire and Explosion Hazard: Combustible when exposed to heat or flame by 
chemical reaction with oxidizing agents. Flammability varies with ethoxyl 
content. 
Ignition Temperature of Dust Cloud, °C: 320 

Burning Behavior: First melts and drips and drippings continue to bum. The 
flame is yellow with blue edges. 

Commercial Types : A number cf types of ethylcellulose are commercially avail- 
able. These range from 44.5 to 49.0 "•" in ethoxyl content and firm very 
low to highly viscous materials (5% concentration from 3 to 5000 + centi- 
poises) 

Electrostatic Sensitivity, minimum energy required for ignition of dust cloud 
by electric sparks (millijoules) : 10 

Use in Pyrotechnics: as abinding agent and 
retardant 

Additional References: 
1)  "Cellulose and Cellulose Derivatives," E. Ott et al., EOS., Interscience 

Publishers, Inc., New York (1954) 

12,60 

26 
60 

69 

26 

ia 
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FERRIC OXIDE, Fes03 

(Iron Oxide, Burned Ochre, Indian Red Rouge, 

Venetian Red, Red Chalk, Red Earth, Red Hematite, Red Stone, 
Persian Red, Persian Gulf Oxide, Colcothar, Iron Sesquioxide) 

Percent Oxygen: 30.06 
Specification No. : JAN-1-706 

The specification covers class 1, coarse, and class 2, fine. 
Molecular Weight: 159.70 
Crystalline Form : hexagonal 
Color: reddish-brown to black 
Density, g./ml. : (solid) 5.24 
Coefficient of Thermal Expansion, linear : 7 X 10"* 

cubic : 4 X 10-s 

See also Addnl. Ref. 2 
Heat of Formation, Kcal./mole : -196.5 

See Table a 
Free Energy' of Formation, Kcal./mole : -177.9 

See Table a 

a. HEAT AND FREE ENERGY OF FORMATION OF Fe203 (hematite, ß, y) 

T, "IC  '      A H (cal./mole)       A F° (cal./mole) 

298.16.  . . -196,800 (± 1300) -177,400 (± 1600) 
400 ..... -196,400 -170,800 
Ö00   -195,800 -164,500 
600  -195,200 -158,300 
700  -194,500 -152,200 
800  -193,800 -146,200 
900   -193,000 -140,300 
950  -192,800 -137,400 
950 ..... -192,600 -137,400 
1000 ..... -192,600 -134,500 
1033   -193,100 -132,600 
1033  -193,100 -132,600 
1050  -193,000 -131,600 
1050 ..... -193,000 -131,600 
1100   -193,000 -128,700 
1179  -193,000 -124,100 
1179  -193,400 -124,100 
1200  -193,300 -122,800 
1300  -193,000 -117,000 

Refs. 

1, 11, 1«, 29 

1 

1 

54V13 

1.9 

8,9 
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Ferric Oxide, Fe203 (page 2) 

T,°K A H (cal./mole) A F° (cal./mole) 

1400  -192,600 -111,100 
1500  -192,400 -105,300 
1600  -192,100 -99,500 
1674  -191,900 -95,200 
1674   -192,100 , -95,200 
1700  -192,100 -93,700 
1800  -191,700 -88,000 

Phase Changes of Metal 
T.P., 1033°K ;AH= 0 (Curiepoint) 
T.P., 11790K; A H = 210 cal./g.-atom 
T.P., 1674°K ;AH= 110cal./g.-atom 

Free Energy Equations: 

Reaction Range of Validity,°K 

1) 2Fe («) +3/2 02 (g) = Fe208 (hematite) 298.16-950 
aF$= -200,000 -13.84TlogT-l. 45 (10-»T2) + 1.905 (lO^T1) +108.28T 

2) 2Fe <«) +3/202 (g) =Fe2Os (ß) 950-1033 
a F- =-202,960-42.641' logT +7.85 (10*T») + .13(108T-1) + 188.48T 

3) 2Fe (jB) -+-3/20,  (a) =Fe20,(ft) 1033-1050 , 
^Fo_-l%,760-T0.27TlogT + .75(10-»T*)-.30 (10'T"1) +92.86T 

4) 2Fe (ß) + 3/202 (g) = Fe203 (y) 1050-1179 
4F?=- 193,200-.39TlogT-.13 (10-»T2) -.30 (lOT"1) + 59.961: 

5) 2Fe (y) +3/203 (g) =FeaOs (y) 1179-1674 
AF° =-202,540-25.95TlogT+2.87(10-sT2)-.30(105T-1) +142.851' 

6) 2Fe (3) + 3/2 0, (g) = Fes03 (?) 1674-1800 
AF^- 192,920-.85T log T-.13 (lOT2) -.30 (lO^T"1) +61.21T 

Entropy, eai./deg./moie at 298.16°K: 
See Table b 

Melting Point: 
Meat of Fusion: 
Boiling Point: 
Heat of Vaporization: 
Transition Point: 
i-ieat of Transition, .a! ./mole: 
K'JH. •■'. Sublimation. 

21.5 

1838°K (1565°C) 

a950°K     ,81050°Ky 
atoj9 = 160;)3toy=^0 

2! 
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Ferric Oxide, Fe2Oj (page 3) 

HEAT CONTENT AND ENTROPY OF Fc20,(c) 
(Base,«-crystal at 298.15°K) 

T,°K HT -Ha»g. is ST- Sao*, ID 
cah/mole cal./deg. 

mole 

4Ö0 2750 7.91 
500 5770 14.64 
600 9010 20.54 
700 12,460 25.85 
800 16,130 30.75 
900 20,030 35.34 
950  (a)    .   . 22,060 37.54 
950 (ß)  . . 22,220 37.71 

1000 24,020 39.55 
1050 (ß) .   . 25,820 41.3L 

T,°K 
cal./mole 

ST — Sass.i.i 
cal./deg. 

mole 
1050 (y)   ... 25,820 
1100     27,500 
1200  30,870 
1300      34,250 
1400  37,650 
1500  41,070 
1600  44,540 
1700  48,100 
1800     51,880 

41.3L 
42.87 
45.80 
48.51 
51.03 
53.39 
55.63 
57.79 
59.95 

FeaO, (^: 
Enthalpy:HT -H»..« = 23.49T + 9.30 X HHT» + 3.55 X lOT"1 - 9021 

.    (0.1 percent; 298-950°K) 
HeatCapacity :Cp = 23.49 +18.60 X 10 »T -3.55 X 10*TS 

Fe2O,(0): 
Enthalpy :HT- HM8.i5 = 36.00T -11,980 (0.1 percent ;950-1050°K) 

FeäOa(y): 
Enthalpy :HT ~H4M.,S =31.71T + 0.88X 10*1» "8446 

(0.1 percent; 1050-1800°K) 
Heat Capacity: CP =31.71+1.76 X 10»"T 

Heat Capacity, cal./deg./mole : (solid) a =25.0 
£=36.0 

Decomposition Temperature, °K : 1730 
See also Ref. 54V13 

Decomposition Products: (high temp.) Fe304 """02 
Vapor Pressure: Difficult to vaporize. Contradictory data in the literature. 
X-Ray Crystaliographie Data: 

System       Space Group        a      Axial Angle    Molecules/ 
(hematite)       hexagonal            D!d             5.42    a=55°17'       Unit Cell 
(magnetic)        cubic                                        8.30 2 

H.vgroseopicity :   

Solubility Data : Insoluble in water; soluble in acids. 
Health Hazard: 

M.A.C., mg./m.3 (for fumes) : 
none reported 
15 

9 
4 
8 

Addnl. Ref. 3 
44V59B 

50V7 
25 

133 



I'Yri-M' 0\i(i«>, i'VjO,, (jMifjf  1) 

Safety Classifi- ;U: «r.s: nouo listed 
Fire and Expbsion Hazard: none iistcti 
Electrostatic Sensitivity:   
Use in Pyrotechnics: asanoxidizer 

Additional Releraices: 
1) "Health Hazards Associated with Welding," F. Hutchinson, Heating 

and Ventilating.',/, 73 (1944) 
2) C.A. U5, 9978  (1951) refers to Proc. Indian Acad. Sei. 33 A, 245-249 

(1951) where data are given. 
3) C.A.36',4400 (1942) 
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FEKftü>Oi-"i<rtKiC OXiOE, Fe,04 I    ;'''/*• 
(In.n (II, KII) Oxid««- Hlaok 'iron Oxid<\ Magnetite, Triiron Tetroxide,,   1, 2. 9 

^lajüielif Knut O?.Hie, Kflüops Iron, Lodestune) j 

Percent Oxygen : 27.64 

Specification No.: JAN-1-2'75                            | 
Molecular Weight : 231.55 i 

Crystalline Farm : cubit- i- 
Color: black to red-black l 
Density, K./ml.: (solid) r>.i8 l 
Coefficient of Thermal Expansion, linear, 17-HO'C : 95.4 X 10 " 54V13 

(magnetite) cubic, 17-50°C: 29 X 10« 
Heat of Formation, Kcal ./mole at 298*K: -267.0 1.9 

See Table a 
Free Energy of Formation, Kcal./mole at 298° K : -242.4 ■1.9 

See Table a and Free Energy Equations 

a. HEAT AND FREE ENERGY OF FORMATIONOFFesO« (magnetite,^, 1) 2 

T,=*K A H (cal./mole) AF° (cal./mole) 

298.16.  . . . -267,800 (+1000) -243,200 (±1200) 
400  -267,200 -234,900 
500   .... -266,300 -226,900 
600  -265,300 -219,100 
700  -264,000 -211,500 
800  -262,300 -204,100 
900     -260,500 -197,000 
900  -260,500 -197,000 

1000      -260.800 -189,900 
1033  -261,700 -187,600 
1033  -261.700 -187,600 
1100  -261,700 -182,800 
1179  -261.700 -177,100 
1179  -262.300 -177.100 
1200  -262,200 -175,600 
1300   , . .   . , -261.700 -168,400 
1400      -261,300 -161,200 
1500      -261,000 -154,100 
1600  -260,800 -1-17,000 
1674  -260,700 -141,700 
1674   .... -261,000 -141,700 
1700    .... -261,100 -139,800 
1800  -261,100 -J 32,700 
1803  -261,100 -135,500 
1803     -272,200 -132,500. 

-272.200 -127.200 
1870  -239.200 -127,300 i 
1900  -239,000 -125,800 
20(WV  -238,200 -119,800 
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Ferrosoforric Oxid«», F«vtO., (pug? 2) 

Phaso Changes of Metal 
T.P., 1033°K;AH = 0 (Curiepoint) 
T.P., 1179°K;AH---210cal./g.-atom 
T.P., 1674°K;A H ---- 110cal./g.-atom 

M.P., 1803°K ;A H = 3700cal./g.-atom 

Range of Validity,°K 
298.16-900 

(iO-3T2) + ,245 (105T») -f 78.11T 
900-1033 

Free Energy Equations : 
Reaction 

1) 3Fe (a) + 202 (g) =Fe304 (magnetite) 
A F$ =-268,310  + 5.87T log T-12.45(1 

2) 3Fe («) + 202 (g) =Fe304 (ß) , 
A F$ =-272,300-54.27T logT + 11.65 (10-»T2) +.245 (lOT1) +233.52T 

3) 3Fe (ß) + 202 (g) = Fe304 (ß) 1033-1179 , 
AF° =-262,990-5,7 IT log T + 1.00(10-»T2) -.40 (WT1) +89.191' 

4) 3Fe (?) + 202 (g) = Fe304 iß) , 1179-1674 
A F° =-276,990-44.05T logT +5.50 (10-»T2) -.40 (lO'T"1) + 213.521' 

5) 3Fe (S) + 202 (g) =Fe304 (/?) 1674-1803   , 
A F° = -262,560 -6.40T logT + 1.00 (1<)-»TS) -.40 (lOT1) +91.05T 

6) 3Fe (1) + 202 (g) =Fe30, (ß) 1803-1874 , 
A F° = -275,280-8.74T log T + 1.00 (10-*T2) -.40 (lO'T1) +104.84T 

7) 3Fe (1) + 202 (g) = Fe304 (1) 1874-2000 
A F.°r ■=-257,240-26.89T logT + 1.00 (103T2) -.40 (lOT1) + 155.46 

Entropy, cal./deg./mole at 298°K : 35.0 
See Table b 

Melting Point: 
Heat of Fusion, cal./mole : 
Boiling Point : 

Heat of Vaporization : 
Transition Point: 

Heat of Transition, cal./mole 
Heat of Sublimation: 

1867°K (1594CC) 
33,000 
decomposes at 

260±30°K (1787°C) 

900°K 
. *t 
0.0 

(627°C) 

1,9 

9 
2,9 

T, °K HT — Hofts   \-, ST — feisH.ir. T,°K HT - H2»g.i5 ST — S'jflH.ir. 
cal./mole cal./deg. 

mole 
cal./mole cal./deg, 

mole 
400     3990 •     11.48 1100 .     40,150 62.81 
500   .... 8320 21.12 1200 .     44,950 66.99 
600 .      13,060 29.75 1300 .     49,750 70.83 
700 18,340 37.88 1400   . . . .      54,550 74.39 
800 .      24,260 45.77 1500   . . . .      59,350 77.70 
900  (a)   .   . 30,550 53.18 1600   . . . .      64,150 80.80 
900 (/?)  . . .      30,550 53.18 1700 .      68,950 83.71 

1000   . .   . . 35,350 58.24 1800   . . . .      73,750 86.45 
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Ferroeoferric Oxide, Fc»04 (page 3) 

Fe.O«(.)  : 
Enthalpy: HT -HW„=21.88T + 24.10 X 10 aT» -8666 

(0.5 percent; 298-900°K) 
Heat Capacity :CP = 21.88 + 48.20 X 10-«T 

Fe,04(j8): 
Enthalpy: HT - HM8.„ =48.00T -12,650 (0.1 percent; 900-1800°K) 

Heat Capacity, cal./deg./mo)e : (solid) ß, 48.00 
Decomposition Temperature, °K : 2060 ±. 30 

Stable at red heat Ragins to decompose in a current of N at over 1300'\ 
Decomposition Products:   
Vapor Pressure:   

X-Ray Crystallographic Data: 
System            Space Group a                   Molecules/Unit Cell 

cubic                     °l '8.37                              8 
Solubility Data : Slightly soluble in acid; insoluble in alcohol and ether. 
Health Hazard : none reported 

MAC, mg./m.* (forfumes) : 15 
Safety Classifications:   
Fire and Explosion Ifezard.:   
Electrostatic Sensitivity:   
Use in Pyrotechnics: asanoxidizer 

Additional Reference: 
I) "Health Hazards Assoc ited with W« ling," F, Hutchinson, Heating 

andVentilating-41,73 (1944) 

4 

8 
54 

1 
50VJ 

25 
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FERROUS SULFIDE, FeS 
(Iron Mono*uIfide, Iron Proto-Sulfide, Pyrrhotite) 

Specification No. : JAN-F-279 
The spec, covers one grade and two classes. Class A requires a min. of 
99.9% through a No. 100 Standard Sieve and Class R requires that th« FeS 
be furnished in pieces capable of passing through a sieve having openings 
1-in. square. 

Molecular Weight: 87.92 
Crystalline Form : hexagonal 
Color : black-brown (colorless 

when pure) 
Density, g./ml. : (solid) 4.84 

Coefficient of Thermal Expansion (pyrrhotite) at 40°C 

Refs. 

In direction of principal axis: 
Perpendicular : 

Heat of Formation, Kcal./mole at 298°K: 

Free Energy of Formation, Kcal./mole at298°K 
Entropy, eal./deg./mole at298°K : 

See following table 
Melting Point: 

Heat of Fusion, cal./mole : 

Boiling Poii'it: 
Transition Point: 
Heat of Transition, cal./mole : 

.00000235 
.00003120   . 
(c) a,-22.72 

ß, -21.35 
(c) a, -23.32 
16.1 

1468°K (1195°C) 
P, 5000 
y, 7730 
decomposes 
a411°Kj3 598°j<y 
a 570°K 8 120°K y 

1 
1,79 

1.3 
1,9 
1,9 
1,9 

4,7 
7 
4 
1 

4 

4 

T, °K "T — H2HH.I.-1 
cal./mole 

ST — S20M.1 
cal./deg. 

mole 

710 2.19 
1470 4.21 
1640 4.63 
2210 6.02 
3760 9.43 
5460 12.53 
5580 12.73 
5610 12.79 
7020 14.96 
8430 16.84 
9810 '18.50 

11.250 19.99 

T,°K HT — HaoK.i.- 
cal./mole 

ST — S;fl8. is 
cal./deg. 

mole 

350 
500 . . 
411 c*. 
411 (j3). 
500 . . 
598 (0). 
598 (y). 
600 . . 
700 . . 
800 . . 
900 . . 

1000 .  . 

1100  12,680 
12Q0  14,150 
1?00      15,680 
1400  17,260 
1468 (y)   . . . 18,350 
1468(1)    . . . 26,080 
1500  26,620 
1600  28,320 
1700  30,020 
1800  -31,720 
1900  33,420 
2000  35.120 

21.35 
22.63 
23.86 
25.03 
25.79 
31.05 
31.42 
32.51 
33.54 
34.51 
35.43 
36.31 
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Frrroiu Sulfide, FeS (page 2) 

« ,   FeS(a): 
Enthalpy: HT-H„,.U =5.19T + 18.20X 10 *T»-2721 «D.8percent; 298-4U°K) 
Heat Content :C, = 6.19 + 26.40 X 10"*T 

FeS(/J): 
Enthalpy : HT -H»,.„ =17.40T- 4944 (0.1 percent; 411-598°K) 

FeS(y) : 
Enthalpy :HT-Hm.» =12.20T -1.19X 10-»T-. 2138 p.3perceüt; 59g-1468°K) 
Heat Content :C,== 1220 + 2.33 X 10"*T 

,  FeS(l) : 
Enthalpy :HT-HM8.„ =17.00T + 1120 (D.lpercent; 1468-2000«K) 

Heat Capacity, cal./deg./mole : ca; 13.1 (ß) TJA , *, 9 
(liquid) 17.00 

Decomposition Temperature: In a vacuum, dissociation starts at about 1100°C    79V2 
and is complete at 1600°C, 

Decomposition Products:                                            Fe + S 
Vapor Pressure:   

X-Ray Crystallographic Data: 
System       Space Group a c Molecules/Unit Cell 

hexagonal civ 3.43       5.79 2 
Hygroscopicity :   

Solubility Data : In water : .00062 g./lOO ml. atl8°C. Soluble in acids with evo- 
lution of HjS. Insoluble in ammonia. 

Health Hazard : slight (ordinary temp.) 12 

Safety Classifications : 
OSM: not listed 
ICC : notlisted 

Fire and Explosion Hazard : Dangerous when heated to decomposition, due to    12 
the highly toxic fumes of oxides of sulphur. On contact with moist acids 

. poisonous hydrogen sulphide evolves which can form explosive mixtures 
with air. May react violently with powerful oxidizers. 

Use in Pyrotechnics: asafuel 
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GRAPHITE 

(Plumbago, Black Lead, Mineral Carbon, , 
Silver Lead, Carburet cf Iron) 

Graphite occurs naturally as a mineral and is also made artificially by heat- 
ing carbon, usually coal, in an electric furnace. Natural graphites are of three 
general types: flake, crystalline (plumbago), and amorphous. The artificial 
product is purer than the natural. Graphite is marketed in a number of grades 
based ton purity, electrical resistance, and fineness. In an inert atmosphere 
graphite can be kept at3000°C without change, but in air combines with oxygen 
above 600°C. The hardness of natural graphite is less than that of talc, which 
is 1 on Moh's scale. Graphite is a good conductor of heat and electricity. 

Specification No. : JAN-G-155 
The spec, covers four grades: grades 1 and 3 are manufactured; 2 and 4 
are natural. They differ in purity, the natural being less pure and contain 
ing up to 6% max. of silica vs. 0.6% forthe manufactured material. Natural 
graphite is used in pyrotechnics. 

Molecular Weight: 

Crystalline Ram: 
Color: 

Density, g./ml, : 

Coefficient of Thermal Expansion, linear at 40°C 
Ifefc of Formation, Kcal./mole at298°K: 

Free Energy of Formation, Kcal./mole at298°K : 

Entropy, eal./deg./mole at 298°K : 

See following table 
Melting Point: 

Heat of Fusion, cal./mole: 
Boiling Point: 
Transition Point (sublimation temp.) 

Heat of Sublimation, Kcal./mole, to ideal 
monatomic gas: 
to diatomic and triatomic gas : 

Heat Contentor Enthalpy, cal./mole at298°K : 
See equation below table 

12.011 

hexagonal 1 

black 1 

(solid) 2.25 P 

7.86 X 10-8 1, 63 

(gas) -170.890 5 

(gas)-160.040 5 

(gas)   37.76 3,4,5 
(solid)   1.37 5 

sublimes 

8000 Addnl. Ref. 4 
4000°K(3727°C) 6 
4620°K (4347°C) 1 

170 5 
200 

(solid) 251 
(gas, ideal) 
monatomic, 1559 5 
diatomic, 2096 
triatomic, 2541 

Refs. 

16. Addtal. 
Ref. 1 
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Graphite (page 2) 
HEAT CONTENT AND ENTROPY OF C (graphite) 

(Base, crystals at 298.15°K) 4 

T,°K HT _ H»a. 16            ST - S»8. l s T,°K HT -H29B ,5 UT — Ö2ÜH.15 

cal./mole            cal./deg. cal./mole cal./deg, 
mole - mole 

250                    0.72 1800  7330* 7.78 
500  570                    1.43 1900      7920 8.10 
600  950                    2.12 2000  8530 8.41 
700  1370                    2.77 2100  9130 8.70 
800  1830                     3.38 2200  9740 8.99 
900      2320                     3.95 2300  10,350 9.26 

1000  2820                     4.48 2400  10,970 9.52 
3340                     4.93 2500  11,600 9.78 

1200  3880                     5.4s 2750  13,170 10.33 
4430                     6.89 3000 14,770 10.93 

1400  4990                     6.30    • 3250  16,390 11.45 
1500  5560                      6.70 3500  18,020 11.93 
1600  6150                    7.08 3750     19,660 12.39 
1700    ... 6740                    7.44 4000     21,310 12.81 

C(graphite) 
H»8.15 =4.03T +0.67 X lOT» + 2.04 X lOT1 - Enthalpy :HT- 1936 

( 3,0 percent ;298-2500°K) 
Hsfc. Capacity : C, =4.03 +1.14 X 10-*T -2.04 X 10*T-a 

Heat Capacity, cal./deg./mole : (solid) 2.07 (gas) 4.93 4,5,9 
See equation below table 

Decomposition Temperature: 
Decomposition Products : 

Vapor Pressure 

Press, mm.          1           10           40 100          400 760 1 

Temp.°C         3586       3946       4196 . 4373        4660 4827 

X-Ray Crystall ographic Data: 
System 

hexagonal 
SpaceGroup            a c             Molecules/Unit Cell 

6.99                             4 1 
Hygroscopicity 

Solubility Data : Insoluble in water, acids and alkalies. Soluble in molten iron. 1 
Health Hazard : Dust can irritate eyes. 12 
Safety Classifications: 

OSM: not listed 
ICC: not listed 

Fire and Exph Dsion Hazard:   
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Graphite (page H) 

Electrostatic Sensitivity :   
Heat of Combustion, Kcal./g.: 7.900 
Use in Pyrotechnics: as alubricant; to improve 

bonding under pressure 

Additional References: 
1) "Industrial Carbon," C. L. Mantell, D. Van Nostrand Co., Princeton, 

. N. J. (1946) 
2) "The Specific Heat of Graphite from 13° to 300°K," W. Ete Sorbo and 

W. W. Tyler, Chem. Physics 21, 1660 (1953); see also Ref. 63 
3) Ref. 64 
4) 'Vapor Pressure and Heat of Vaporization of Graphite," A. L. Marshall 

and F. J. Norton, J. Am. Chem. Soc. 55,432 (1933) 
5) For X-Ray structure see also "The Synthesis of Diamond," H. T. Hall, 

J. Chem. Ed. 38,484 (1961) 
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GUM ARABIC 
(Gum Preservative, Cum Acacia) 

Cum arabic is the dried gummy extraction obtained from acacia trees. The 
gum is produced when the trees are in an unhealthy condition. Most of the gum 
comes from the Sudan and West Africa. Today tapping is widely used. The gum 
exudes as dropiets or "tears" which gradually harden on exposure to the 
atmosphere. These "tears" are 0.75 to 3 in. in diameter. After the "tears" are 
removed the tree continues to exude gum from the wound. For the better grades 
the cleaned gum is hand picked to remove extraneous material. Some gum is 
bleached by exposure to the sun for several weeks. The gum is available in 
several grades: natural, cleaned and sifted, bleached and dust. 

In addition to the more common names of gum arabic, gum preservative, 
and gum acacia, other names relating to the color or grade or to the local area 
are used so that there is a great deal of confusion concerning the relationship 
among the name, the actual gum and the species of acacia from which the gum 
is derived. As usually shippedthe gum contains about 15% moisture. Its aqueous 
solution is slightly acid. 

Gum arabic has been used as an adhesive since ancient times. It is a good 
emulsifying agent. 

See also Addnl. Rei's. 1,2,3 

specification: JJJ-G-821 

Molecular Weight: Variable high ; probably in the range of 100,000to 200,000. 
See Structure below 

1.3-1.4 
1.35-1.49 

Density, g./ml.: 

Vapor Pressure:   

X-Ray Crystallographic Data :   

Hygroscopicity : Poor resistance to water. 

Solubility Data: Soluble in hot or cold water; oil and most organic solvents; 
aqueous aicohol up to about 60 % alcohol; glycerol and propylene glycol. 

S afety Classifications: 
OSM: not listed 
ICC: not listed 

Health Hazard : When injected intravenously may cause allergic reactions, kid- 
ney and liver damage. 

Fire and Explosion Hazard:  , combustible 

Electrostatic Sensitivity:   

Chemical Structure : 
Gum arabic from different sources contains the same sugars, but their pro- 
portions vary considerably, as shown by the following table: 

Rcfs. 

16,23,29,61 

1 
29 

29,60 

1,23,29 

29 
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Gum Arabic (page 2) 
MOLAR RATIO OF CARBOHYDRATE COMPONENTS IN 

VARIOUS ACACIA GUMS 

Approxim ate Molar Ratio 

Gum Source D- 
Galactose L-Arabinose L- 

D- 
-Rhamnose 

-Glucuronic 
Acid 

Gum arabic 3 3 1 1 
Acacia mollissima 5 6 1 1 
Acacia 

cyanophylla 
Acacia karroo 

11 
25 

2 
22 

5 
1 

5 
6 

Acacia verek 
Acacia pycnantha 

4 
65 

2 
27 

1 
2 

1 
4 

A number of complex structures have been proposed not only for gum from 
different sources but also from the same source. Hydrolysis of gum arabic yifi.-.k 
four different sugars, as shown in the table above, which together make tip the 
basic gum arabic molecule. Because the proportions of these sugars vary with 
the source of the gum, no single formula can have any real significance. The 
following proposecTstructure indicates the complex nature of the gum: 

GALP 

ARAF = L-ARABOFURANOSE 
RHAP* L'-RHAMNOPYRANOSE 
GALP = D -SAL ACTOPYRANOSE 

SA= 0-GLUCURONIC ACID 

©   © 
GALP— 

I® 
© d> I© 6AL1 i© 

I© 
I© 
I© 

ARAF 

PROPOSED STRUCTURE FOR GUM ARABIC 

Use in Pyrotechnics: 

Additional References 
1) Ref.70 

as a fuel, bonding agent, 
adhesive, and retardant 

2) "Natural Plant Hydrocolloids," Ind. & Eng. Chem., Eds., Advances in 
Chemistry Series, No. 11, American Chemical Society, Washington. 
D.C.(1954) 

3) "The Structure of Acacia Sundra Gum — Parti. Nature of the Sugars 
Present and Structure of the Aldobiuronic Acid," S. Mukherjee and 
A. N. Shivastava. J. Am. Chem. Soc. 80,2536 (1958) 

23 
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GUM TEAGACANTH 
Gumtragacanth is the dried gummy exudate obtained from several varie- 

ties of the shrub-like plants of the Astragalus family, which grow in the semi- 
desert and mountainous areas of Turkey, Iran, and Syria. The gum exudes 
spontaneously and hardens on exposure to the air either in the form of short 
(2-4 in.) ribbons which are flat, flexible and opaque, or in thick brittle flakes 
(0,5-2 in.), depending on the particular species of plant. The supply is increased 
by making incisions in the shrubs. The gum is sorted into five grades; the best 
grades being the lightest colored of the longest ribbons or largest flakes. 

Chemically, gum tragacanth is a complex mixture of polysaccharides. On 
hydrolysis D-galacturonic acid, D-galactose, L-fucose, D-xylose, and L-arabinose 
are obtained. Gum tragacanth is about 60-70% insoluble in water, but swells to 
form a gel which is regarded as bassorin (CnH^Oio), The water soluble portion 
which gives a colloidal hydrosol with water is called tragaeanthin, It consists 
of a ring of three molecules of glucoronic acid and 1 molecule of arabinose with 
a side chain of two molecules of arabinose. 

Gum tragacanth in solution has the properties of a partially cross-linked 
polymer, in that a small portion is soluble while the greater portion remains as 
a swollen gel or gel-like dispersion. When properly preserved, gum tragacanth 
forms stable solutions over long periods of time in either cold or warm storage. 

A study of the infrared spectra of a wide variety of gums showed that the 
different samples of any one type of gum have essentially the same type of spec- 
trum. Tragacanth shows a strong carbonyl absorption at abut 5.75^, The dif- 
ferences among the various infrared spectra are sufficiently definite to serve 
as a means of identification and classification. 

An analysis of a representative sample of gum tragacanth shows the fol- 
lowing percentages : 

Moisture 10 Ash 3 
Starch 3 Tragacanth 70 

(swelling part) 
Cellulose 4 Araban 10 

(soluble part) 
Viscosity is the most important property in evaluating gum tragacanth. 

It is the most direct measure of the uniformity and quality of the gum. To obtain 
maxium viscosity, the gum is crushed and soaked overnight. The dispersion is 
then stirred for 16-30 minutes. For powdered gums, it is bast to disperse the 
gums in small amounts of ethanol or glycerol before the addition of water. Heat 
is not recommended for faster dissolution or increased viscosity. Viscosity is 
also decreased by adding acid, alkali, and NaCl, 
Specification No. : JAN-G-96 
Solubility Data : Partly soluble in water. Films cast from aqueous solutions of 

gum tragacanth are unaffected by organic solvents such as acetone, ethanol. 
CCL, xylene, and toluene. When painted with solutions of basic or neutral 
lead acetate, these fHiE also become insoluble in water. 

Health Hazard : Nontoxic. Used in pharmaceutical compounding. 
Safety Classifications : 

OSM : not listed 
ICG: not listed 

combustible 

Refs. 

23,29, ti!. 70 
Addnl. Ref. 1 

Fire and Explosion Hazard: 
Use in Pyrotechnics: fuel; bonding agent 

Additional R°f erences : 
1) "Natural Plant Hydrocolloids," Ind. & Eng. Chem., Eds,, Advances in 

Chemistry Series No. 11, American Chemical Society, Washington. D.C. 
(1954) 

23 

23 

29 

23 

29 
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HEXACHLOROBENZENE »     i>8'-
,*B 

(Perchlor obenzene ) 

Specification No. : JAN-H-257 
Molecular Weight: 284.80 
Crystalline Form : moroclinic or rhombic 

prisms 
Color: colorless" 
Density, g./mi.: (solid) 2.044 (rhomb.) 
Coefficient of Thermal Expansion :   

Heat of Formation, Kcal./mole at 25°C : 41.3 ±0.3 
Free Energy of Formation, Kcal./mole at 298°K : + 3± 1.0 
Entropy, cal./deg./mole at 298°K : 62.20 
Melting Point: 500°K (227°C) 
Heat of Fusion :   
Boiling Point: 599°K (326°C) 
Transition Point, rhombic to triclinic : 316.7°K (43.6°C) 

triclinic to cubic: 345°K (72°C) 
Heat of Sublimation: 
Heat Content or Enthalpy : 
Heat Capacity, cal./deg./mole at 298°K : (solid) 48.11 
Decomposition Temperature: For DTA see Addnl Ref. 4 
Decomposition Products: 

Vapor Pressure : 
Press, mm.    1              10         40         100 400          760     M.P. 
Temp.°C    114.4       166.4      206.0      235.6 283.5      309.4      230 

X-Ray Crystallographic Data: 
System           Space 

Group            ab          c 
Molecules/ 

Axial Angle        Unit Cell 
monoclinic           C|h            8.07   3.84    16.61 ß = 116°52'             2 

8.10   3.86    16.68 
Hygroscopicity : 
Solubility Data : In water : insoluble 

in alcohol: insoluble cold, very 

In benzene: 
soluble hot                  .i 

soluble hot 
In ether: very slightly soluble 

Health Hazard: May produce mild skin irritation on prolonged contact. OSM 
states that it presents no particular toxic hazard as used in Ordnance 
establishments. Severly toxic on ingestion or inhalation. 
M.A.C., mg./m.3: 0.5 

1 

1 

1 

Addnl. Kef. 1 

Addnl. Ref. 2 

Addnl. Ref. 2 

1 

1 
Addnl. Ref. 8 
76 

Addnl. Ref. 2 

1 
85 

29,14, 98 

17 
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Hexachlorobenzene, C«0« (page 2) 

Safety Classifications: 
OSM : Inert and presents no particular tire hazard in Ordnance establish- 

ments. 
ICC :  No shipping label required. 
Manufacturing Chemist? Assn, requires a warning label. 22 

Fire and Explosion Hazard.: Slight when exposed to heat or flame. Flash point    12 
468°F. Dangerous when heated to decomposition because of emission of 
highly toxic fumes, lb fight fiie use C02, dry chemical, or carbon tetra- 
chloride. 

Heat of Combustion, at 20°C and 1atm., Kcal./mole. 
(water liquid) : 509.0 
25°, cal./g, (water liquid) : 1995.3 Addnl.Ref 1 

Electrostatic Sensitivity :   
Use in Pyrotechnics: as a color intensnfier 17 

and chlorine donor in 
white smokes 

Additional References: 
1) "Heats of Combustion of Some Organic Compounds Containing Chlo- 

rine," G. C. Sinke and D, R. Stull, J. Phys. Chem. 62,397 (1958) 
2) "The Heat Capacities of HexachJorobenzene and Pentachlorophenol 

from 15° to 300°K," D. L. Hildenbrand et al., J. Phys. Chem. 62, 958 
(1958) 

3) "The Vapor Pressures, Latent Heats of Sublimation and Transition 
Points of SolidHexachloroethane," K.J. Ivin and F. S. Dainton, Trans. 
Faraday Soc. 43,32" (1947) 

4) "Pre-Ignition and Ignition Reactions of the Pyrotechnic System Zn - 
C,C1« - KC10<t" S. Gordon and C. Campbell, Reinhold Publishing Com- 
pany, New York (1955) 
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HEXACHLOROETHANE, €U,-CCI?, 
(Carbon Hexachloride, Perchlorethane Carbon Trichloride) 

Specification No.: JAN-H-235 
The spec, covers one grade and two classes: class a, unground, and class b, 
ground. 

Molecular Weight: 
Crystalline Form : 

Color: 

Density, g./ml, : 
Coefficient of Thermal Expansion: 
Ifeat of Formation, Kcal./mole ät 298°K : 
Free Energy of Formation, Kcal./mole at298°K 
Entropy, cal./deg./mole at298°K: 

286.76 
rhombic, tablets fran 

alcohol or ether 
rhombic, triclinic or cubic 
colorless to 

yellowish-white 
(solid) .091 

(gas)-48 

91.97 

Refa. 
1,12 

1 
12 

See table below 
Melting Point : (sublimes) 

186.6°K (-86.5°C) 
Heat of Fusion, Kcal./mole : 
Boiling Point: (sublimes) 

457.5°K (I84.4*C) 
Ifefc of Vaporization, cal,/g, : approx. 46 
Transition Point: sublimes at 

457.6°K (184.5°C) 
rhombic—triclinic 

43.6°K (-329.5°C) 
triclinic-«ubic 

72°K <-201°C) 
Heat of Sublimation, Kcal./mole : 12.2 
Heat Content or Enthalpy: 

See table below 
Heat Capacity, eal./deg./mole : (solid) 41 

See table below 
ENTROPY. ENTHALPY AND HEAT CAPACITY 
Temp.                 Entropy 

°K              cal./deg./mo 
Enthalpy       Heat Capacity 

e          eal./mole        cal,/deg,/mole 
273.16.  . . .              9157 0                  31.52 
300                94.98 862                  32.74 
500                113.23 8052                  38.32 
800                132.02 20080                  41.31 

1000                141.33 28430                  42.13 
1200                149.06 36910                  42.59 
1500             158.061 49750                  42.98 

Acipi.-Ref. 3 

12 

9 
52V1 

Addnl. Ref. 3 

148 



Wexacinlloroesiaasw■ 4X1.}• CCia (page 2) 

Heat Capacity equation for the range 0-1200°C: 
U£ * a -h b <t) + c (&) + cl (ts) (t = °K) 

a = 31.820; u X i0* — 8.6396; c X 10" — 4.2031; d X 10* —1.6198 
i»eeompoaitioa Temperature; For DTA and TGA see Ref. 33 

Decomposition Products: Heated in a stream of air at about■550-600°C it is 
completely converted to C»<Ji4 and CC1*. 

Vapoi" Pressure: 

50 

Press, mm. 10 40 100 400 760 
Temp. "0 31.7     7S.5     102.3     1242     168.8     185.6     186.6 

X-Ray Crystauographic Data: 
Sysiein       • Sp^ee Group 
rhomb, 
cubic 

V£» 
a fee Molecules/Unit Cell 

11.51   10.14   6.39 4 
7.43 2 

TOSCOp3C«iy'; 

la üjji^cUü, chloroform, o:iä; 
iii aicono* u*iu etna**: 

inaoiuble 
soluble 
very soluble 

May bo moderately irritating to the star* and mucous mem- 
braa^. la high concentrations it has a narcotic effect,.and may damage 
the iiver anu kidneys. MLD, i.v. (in dogs) 825 mg./kg\ Has an odor similar 
to that of camphor. Moderately toxic locally, on ingestion, and inhalation. 

Safety Classifications: 
ÜSM: Substantially fcert and presents no particular fire or toxic hazard 

as used in Ordnance establishments. 

File and Explosion Hasards: Relatively inert, but when heated to decomposi- 
tion it emits highly toxic fumes of chlorides. Dehalogenation by heating 
with alkahes and metals, produces explosive chloracetylenes. 
NoaiiammaLie 

Electrostatic Sensitivity: 
iiieat ox Comousdon, KcaL/moie at 20°C and 1 atm. 
Triple Point, "-C: 
Use in Pyrotechnics: 

1,20 

12,29,93 

12 

53V1 

110.0 
186.0 
aü a chlorine carrier 

ior screening smoke 
compositions 

50VS, 54 V8 

Additional References: j 
I> E. A. Wibanga, Zeit, anorg. Chem. 225, 38 (193.5) 
2) a. J. I An. and F. S. Daintou, Trans. Faraday feoc. U3, 32 (1947) j 
£> "Theiinodata for Petroleum CLvsinicals/" K. A. Kobe and R H. Harri- I 

u>n, Petrol. Rerinsr tf<J, 155 (Wä?) \ 
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INDANTIIRENE (;OLDEN YELLOW CK,  (spec, name) 

(HVT Gulden Yollow ; Indanthrene Golden Yellow GKAC; 
dihenzo(a,h)pyrene-7,14-dione ; 3,4,8,9-dihenzopyrene-7,14-dione; 

listed in the Ring Index as No. 3654, 
C.I. 59100, C.I. Vat Yellow 4) 

Structural Formula: CMHK02 

Kefs 

90, 48A 

84 

Specification No.: MHD-50029 
Molecular Weight: 332.3 
Crystalline Form:   
Color: golden yellow 
Melting Point: 658°K (385°C) 
Solubility Data: In dilute NaOH, H2S04, quinoline, nitrobenzene,xylene, 

tetrahydronaphthalene: soluble 
In acetone, benzene, chloroform, pyridine, toluene: 

slightly soluble 
Health Hazard : Seme toxicity as indicated by the spec, requirement that "Each 

container shall be conspiccously labeled : CAUTION—Avoid skin contact; 
use with adequate ventilation!" 

Use in Pyrotechnics: to color smoke mixtures 
yellow 

88V7 II 
88V7II 

88V7 11, 
48A 
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KEROSENE 
(Kerosine, Coal Oil, Lamp Oil, Fuel Oil No. 1) 

Kerosene fs a variable mixture of petroleum hydrocarbons, chiefly of the 
methane series, lOto 16 atoms of carbon per molecule. 

Kerosene is the light oily liquid obtained in the fractionation of petroleum. 
It is the fraction which is obtained by the overhead distillation of crude petro- 
leum in the 174° and 188° range. It contains hydrocarbons in the range CJ0HW 

to CtflH34. Some commercial kerosenes may include distillates up to 325°C and 
a specific gravity as high as 0.850. In Pennsylvania, kerosene is defined as hav- 
ing a flash pint above 114°F, with not over 10% distillable at 175° and not 
over 45% up to 200°C. A typical analysis of the kerosene from a midcontinent 
crude includes n-dodecane, 3 alkyl derivatives of benzene, naphthalene, 1- and 
2-methyl-5,6,7,8-tetrahydronaphthalene, 

The fraction obtained by distillation is decolorized by washing with fuming 
H2SO«, followedby treatment with sodium plumbite solution and sulfur (Ttactnr 
sweetening). 

Specification No.: 

Normal Color and Form: 

Density, g./mi.: 

Coefficient of Thermal Expansion : 

Melting Point, °F: 

Boiling Point, °F: 

Decomposition Temperature : 
Decomposition Products : 

Solubility Data: In water : 
With other petroleum solvents 

W-K-211C 
pale yellow to white oily 

liquid 
(liquid) at 60° F, 0.819 

-76 
410-572 

insoluble 
miscible 

Health Hazard : Toxic when ingested or inhaled ; causes local irritation, drowsi- 
ness, collapse and coma, and may damage the heart, liver, and kidneys. 

Safety Classifications: 
Underwriters Laboratory Classification: 
OSM: 
ICC: 
U.N, : 

40 

flammable liquid 
not listed 
inflammable liquid 

The ICC does not classify kerosene as a flammable liquid because the flash 
point is abovethe maximum forthis classification. 

Refs. 

1,11,16 

12,16, 29, 53 

29 

1 

1 

14 

14 

29 

12,29 

12 
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Kerosene (page 2) 

Fire and Explosion Hazard: Ignites when exposed to heat or flame. Can also 
explode in air. To fight fiie use foam, CO», dry chemical, CC14. „ 
Flashpoint: * 100-165*>F 75 
Autoignition temperature: 490°F 

295°C 71 
Explosive limits (% by vol. in air) : 1.16-6.0 26,75 
Explosive limits in closed vessel : 0.7-5 
RA.C., parts per million in air for ah 8-hr. day : 500 ^ 

Heat of Combustion (for kerosene with sp. gr. 0.819) 
cal./g.: 11,006 n 

Use in Pyrotechnics: To prevent dusting in Green Smoke composition I and in 
Violet Smoke composition II. See specifications MIL-STD-616 and 622. 
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LACTOSE, Ü18HM0„  •  H,0   (monohydrate) 
(Milk Sugar, Sugar cf Milk, Lactohiose, 

D-Glucose 4— (ß—D-galactoside) , 
D—Glucose 4—(ß--D—galactopuranoside) , 

A (0—D-galactosyl)—D-glucose, 
4— ( ß—D-galactopyranosyl) —D-glucose ) 

Chemical Structure: Lactose consists of a glucose unit linked to agalactoseunit. 
Because the glucose unit may be in the form of a lactol ring, a and ß forms 
are possible. The two forms can be represented as follows : 

E 

HO 

CHrf>H 
1 

,c—o, 

A* ■c 
I 
B 

\ 

OR 

IOR 

OH 
I 

ire—or 
<W>H 

CH.OH 

•AjLrf 

CHaOH 

1' 
H 

-C 
OH 

The second formula differs fron the first only in that the second glucose 
nag has been turned through an angle of 180°, The glucose rings may also have 
the aldehyde structure. Both forms showmutarotation [«]& =+ 62.3. 

The usuai form is the a. By crystallizing solutions of the a form above 
93.5°C, the ß form is obtained. 
Specification No.: 
Molecular Weight: 
Crystalline Form : 
Color: 
Density, g,/ml. : 
Coefficient of Thermal Expansion : 
Heat of Formation, cal./mole at 298°K : 

«-lactose* H20 
0-lactose 

Free Energy of Formation, cal./mole at298°K : 
«-lactose "HjO 
/7-lactose 

Entropy, cal./deg./mole at298°K : 
«-lactose *H20 
^-lactose 

Melting Point: 274.7°K (201.6°C) for the anhydrous material when rapidly 
heated. The monohydrate when heated loses water and becomes anhydrous 
atl20°C. 

MIT.T.1 3751 
•360.31 
rhombic 
colorless 
1.525- 

-592,900 
-583,800 

418,200 
-373,700 

99.1 
92.3 

Kefs. 

Addnl. Ref. 1 

Addnl. Ref. 2 

Addnl. Ref. 2 

Addnl. Ref. 2 

1,29 
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Lactose (page 2) 
Heac of Fusion: 
Boihng Point: decomposes 

366.6°K (93.5°C) 
«-anhydride to ß, +1.0 

Transition Point: 
Heat of Transition, cal./g. : 
Heat of,Combustion, anhydrous, Kg.ca*./mole (H20 liguioD at 20 

Addnl. Ref. 3 
Addnl. Ref. 3 

T,°K Crj^l. T,°K c^i. T,°K 

61.33 2L.98 239.02 85.49 

65.15 23.63 246.02 87.94 

69.70 25.49 252.92 90.65 

75.00 27.71 257.99 92.06 

81.74 30.37 261.72 93.30 

86.85 32.48 263.21 96.65 

91.73 34.64 274.33 97.14 

96.55 36.12 279.56 99.26 

103.74 .   38.63 284.21 100.74 

109.42 40.61 289.17 102.57 

115.57 42.97 292.91 103.59 

122.23 45.58 293.35 104.10 

129.51 48.12 297.42 105.06 

140.75 52.11 

(w $. 11 g.) 

65.51 22.14 133.72 47.70 2L7.62 73.62 

72.89 25.03 149.22 50.86 225.97 75.8L 

78.88 27.29 157.75 53.80 235.29 78.62 

87.84 30.58 164.86 56.28 243.97 8L.35 

95.54 33.19 173.35 58.90 252.86 84.53 

104.51 35.22 183.05 6L.23 262.76 86.95 

114.32 39.58 190.47 63.68 270.93 89.60 

121.77 42.02 201.24 67.43 280.11 92.89 

12S.93 44.61 208.73 69.97 289.44 
i — — 

95.55 

Decomposition Temperature : 
f 

Decomposition Products: 
Vapor Pressure: decoi tnposes 

X-Ray Crystallographic Data : mom jclinic system 
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Lactose (page 3) 

Hygroscopicity : 
Equilibrium Relative Humidity, % at25°C 

Solubility Data: In cold water: 
In hot water: 
In alcohol: 
In chloroform and ether: 

98.3 

17 g./100 ml.: 
40 g./100 ml. : 
very slightly soluble 
insoluble 

SOLUBILITY IN WATER 

Temp.      Initial Solubility Final Super 
=>C a ß Solubility Solubility 

0 
25 
39 
74 
89 

10Ö 

5.0 
12.6 

34.4 
55.7 

45.1 11.9 
21.6 
31.5 
86.2 

139.2 

25 
50 
74 

94.7 

Health Hasard: 

baiVcy Classifications: 
GSM: 
ICC: 

nontoxic 
used in infant feeding 

not listed 
not listed 

Fire and Explosion Hazard (dust ignited electrically in the presence of air) 

Conciy 
mg./'i, 

Max. Press. 
lbs,/sq, in, 

Ave. Rate of 
Press. Rise 

lbs./sq, in./sec. 

Max. Rate of 
Press. Rise 

lbs./sq. in,/sec. 

100 
50o 

12 
22 

89 
32 

177 
168 

Electrostatic Sensitivity : 

Apparent Dissociation Constants : 
First constant, literature values : 
Second constant, literature values : 
Third constant: 
Fourth conECuiit: 

Us« in Pyrotechnics : 

0.76-1.05X 1012 

3.0-3.6 X 10-" 
1.7 X 10-" 
1.6 X 10•" 

fuel, retardant, and in 
smoke mixtures 

Addnl. Ref. 5 

1 

Addnl. Ref. 4 

29,93 

86 

Addnl. Kef. 4 
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Lactose (page 4) 

Additional References : 

1) "Organic Chemistry," G. Hill and L. Kelley, The Blakiston Company, 
Philadelphia, Pa. (1943) 

2) "Heat Capacities of Three Disaccharides," A. Anderson and G. Steg- 
man,J.Am.Chem.Soc.63,2119 (1941) 

3) J. Am. Chem. Soc. SO, 960-967 (1908) 

4) "Lactose and Its Utilization, A Review," E. 0. Whittier, J. Dairy 
Science,27,505 (1944) 

5) C.A. 51,17346   (1967) 
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LAMINAC 4116 Refs. 

Laminae 4116, a proprietary product manufactured by American Cyanamid 
Co., is a polyester with monomeric styrene that effects cross linking on curing. 
It is used as a bonding agent and for this purpose it is treated with a catalyst 
to effect curing. 

The following data are from the technical data sheet on Laminae Polyester 
Resins of the Plastics and Resins Division of American Cyanamid Co. 
Color: 

Specific Gravity at 77°F: 
Viscosity at 77°F: 

Gardner Holdt scale 
Brookfieid, poises 
(Brookfield Model RVF ,spindel #1,20 R.P.M.) 

Curing Characteristics: 
Geltime at 80°C, 100 g, sample, 0.5% benzoyl 
peroxide, min. : 
SPY gel time, irrin.: 
SPI time to peak temp., min: 
SPI peak exotherm, °F: 

clear, light straw 

1.10 ± 0.02 

M-0 
4-5 

17-20 
4%-6 

330-560 
(iSPl — Society of Plastic Industries TestMethod) 

Tue curing of Laminae 4116 is greatly speeded by adding curing agents. 
The curing is done either 35 room temperature or by heating. Rocm temperature 
eurrug agents are methy'iethylketone peroxide and cobalt naphthenate, or ben- 
zo> i peroxide and Laminae Promoter 400. 

GEE TIMES AT 77°F 
(Methylethylketone peroxide (60% solution) as the catalyst) 

</b catalyst 
% Cobalt Naphthenate 

6% Cobalt metal 
Gel time 

(minutes) 
0.5 0.0 200-220 
0:5 02 130-150 
1.Ö 0.1 50-70 
2.0 0.0 40-50 
2.0 0.2 10-15 

GEL TIMES AT 77° F 
(Benzoyl peroxide (50% paste) as the catalyst) 

% catalyst 
% Cobalt Naphthenate 

6% Cobalt metal 
Gel time 
(minutes) 

1.0 L0 120-180 
2.0 zo 50-70 
4.0 4.0 . 5-10 
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Laminae 4116 (page 2) 

Heat Curs: Because of the low reactivity of Laminae 4116,its cure may not be 
complete with room temperature catalysts, and heat may be required to 
complete the cure. Benzoyl peroxide alone may be used to cure 4116 at 
elevated temperatures. Using 0.5-1.0%, cure cycles may be less than 1 
minute at 250°F for a section 1/16 in. thick to 10-12 minutes for thicker 
sections at 200° F. 

Safety Classifications: 
OSM : 
ICC: 

Decomposition Temperature : 
FOP TGA see Addnl. Ref. 

Decomposition Products : 

class 2 
flammable liquid red label 

about 200°C 

Hygroscopicity (gain in mg./g, after exposure, at R.T. in static and vacuum 
desiccators): 
Laminae 4116 Catalyzed with Lupersol DDM and Nuodex: 

Time !     65% R.H. 75% R.H. 86% R.H. 93% R.H. 
(days) 1   Stat.   Vac. Stat.   Vac. Stat.   Vac. Stat.   Vac. 

1     i    3.0        1.5 
7     j    5.0        2.5 

80     |  ■ 

5.2       3.5 
3.7       4.0 
0.8 

6.6      <1 
47 
1.0       2.0 

8.5       3.0 
7.2       2.6 
1.6 

Storage life of Laminae R ssins with and without Catalyst and Accelerator: 
Uncataiyze 

Tanp.°C       (minimum 
d          With cobalt, but          With 0.004% cobalt 
)    uneatalyzed (minimum) and 0.5% Lupersol DDM 

days 
25                 yo 
52                    18-21 

days                                hours 
90                                    3.6-4.0 
18-21 

As manufactured, Laminae resin contains 0.04% cobalt, 'asmetal. 

Additional References: 
1) '"Casting with Laminae Basins," Plastics and Resins Div., American 

Oyanamid Co,, W'allingf ord, Conn., cited by Ref. 73 
2) For exotherm cures of Eaminac 4116 with varying amounts.of Lupersol 

BUM and cobalt see Ref. 73 
8) "The Kinetics c£ Thermal Degradation of the Synthetic Styrenated 

Polyester, Laminae 4116," D. Anderson and E. Freeman, J. Appl. Poly- 
mer Sc. & 192-(1959) 

4) "Characterization of Saturated Polyesters by Differential Thermal 
analysis,'' B. Anderson and E. Freeman, Anal. Chem. SI, 1697  (1959) 

v. «pre.ignition and Ignition Reactions of the Propa^atively Reacting Sys- 
tem Üffagiiesium-Sodium Nitrate-Laminae," V. Hogan and S. Gordon. 
CuTibiiscion and Flame .'>', No. 1, 3-12 (1959) 

Addnl. Ref. 1 
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LEAD CHROMATE,  PbCr04 

(Pal« Chrome, Permanent Yellow, and Paris, Leipzig., 
King's, Cologne, -or Lemon Yellow Chrome) 

19.80 

JAN-E-488 

323.22 

monoclinic 

yel low or orange-yellow 
powder 

(solid) 6*3 

Percent Oxygen: 
Specification No.: 

Molecular Weight: 

Crystalline Form: 

Color : 

See also Ref. 54V11 
Density, g./mi,: 

Coefficient of Thermal Expansion : 

Heat of Formation,Kcal./mole at298°K : 

Free Energy of Formation, Kcal./mole at 298°K: 
Entropy, cal./deg./moie at 298° K: 

Mekong Point; 

'tiea'i of Fusion: 

Boning Point: 

Transition Point, ÜK: 

Heat of Sublimation: 
Heat Content or Enthalpy: 

He&c Capacity, eai./deg./mole (between 292 and 323°K) : 
(est.) (solid.) 29.1 

Decomposition Temperature, °C: approx.904 
For DTA see Ref. 33 

Decomposition Prod Decs: Becomes reddish-brown at 250°C. At high temper- 
atures it fuses and finaliy evolves oxygen with the formation of Cr2Os and 
basic lead chromate. 

(c)-217.7 9 

-203.6 86 

36.5 86 

1117°K (844°C) 1 

not available 7 

decomposes above its 
meltingpoint and gives 
off oxygen 

1, 54V11 

(c)III 980(c) 11 1056(c) I 9 

"Vapor Pressure: 

X-Ray Crystaliographic Data 

Sijuiem     Space Group 
m&nociinic a 

a 
6.82 

b 
7.48 

c 
7.16 

Axial Angle 
/3=102°33' 

Molecules/ 
Unit Cell 

4 

Refs. 

1,11,12,29 

4 

45 

52V3 
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Lead Chromate, PbCrO« (page 2) 

Hygroscopicity (specification grade material, after 216 hrs, at 90°P) : 
R.H.,%        50 70 90 33 

Gain,%     ÖÖ1        ÖÖ2       ÖÖ9 

Solubility Eöta: In water at 25°C: .0000058 i, 29 
In acids and alkali hydroxides: soluble 
In acetic acid, ammonia: insoluble 
In hot water: insoluble 

Health Hazard: E&rtakes of the poisonous nature of both lead and chromium   12 
salts. Corrosive action on the skin, produces ulcers, and is aasosiatsd with 
the formation of cancers. Produces anemia. Because of its low solubility, 
its toxicity is less than most other lead salts. 
MAG, mg./m.» 0.1 

Safety Classifications: 
OSM : Class 2, when not packed or stored in original shipping container. 

Fire and Explosion Hazard: Mxtecate by chemical reaction with reducing   12 
agents. Dangerous when heated, as it onLts highly toxic fumes of lead. 

Electrostatic Sensitivity : —... 

Use in Pyrotechnics: As an oxidizing agent. Usad in nongaseous powders. 
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LEAD OXIDE, PbO 
(Litharge, Massicot, Plumbous Oxide, Lead Protoxide, 

Lead Monoxide, Lead Oxide Yellow) 

Massicot refers to the unfused oxide and litharge, to the fused. Mxfem 
usage tends to the use of litharge for all varieties of PbO. 

MIL-L-1147A Specification No. (litharge, dry) : 

Molecular Weight: 223.21 

Crystalline Form (litharge) : tetragonal—stable 
atR.T. 

(massicot) : rhombic—stable, 
300°C toRP. 22 

Color: 
For the effect of temp. See Ref. 52V7 

yellow 

Density, g./ml.: (solid) a litharge,9.53 
ß massicot, 8.0 1 

Coefficient of Thermal Expansion, cubic: 7.95 X 10-» 54V7 

Heat of Formation, Kcal./mole, at298°K : red (c)-52.40 
yellow (c) -62.07 

8,9 

See Tables a, b, c 

Free Energy of Formation, Kcal./mole at 298°K: red (c) -45.25 

Refs. 
1,29 

yellow (c) -46.05 
See Tables a, D, C, and equations 

a. HEAT AND FREE ENERGY OF FORMATION OF 
PbO (red, yellow) 

T, °K A H (cal./mole) AF 3 (cal./mole) 

298.16 .... -52,450 (±400) -45,250 (±150) 
•A.J     ..... -52,250 -42,850 
wOu  -52,050 -4030 

41,800 -38,200 
6o<3.5    .... -51,800 -38,200 
600.5    . . . , -53,050 -38,200 
700  -52,800 35,750 

A KM£u         .     .     .     .    , -52,000 -34,250 
7Ü2   ..... -52,350 34,250 

Phase Changes of Metal 
M.P , 600.5°K ;A H—1225cal./g .-atom 

1,8,9 
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Lead Oxide, PbO (page 2) 
b. HEAT AND FREE ENERGY OF FORMATION OF 

PbO (yellow, 1, g) 
A K (cal./mole) T,°K A F° (cal./mple) 

296.16 
400 . 
500 . 
600 . 
600.5 
600.5 
700 . 
800 . 
900 . 

1000 . 
1100 , 
1159 . 
1159 . 
1200 . 
1300 . 
1400 . 
1500 . 
1600 . 
1700 . 
1745 . 
1745 . 

-52,060 (± 300) 
-51,900 
-51,750 
-51,550 
41 550 
-52,800 
-52,500 
-52,200 
-51,850 
-51,460 
51,000 
-50,700 
-47,900 
-47,700 
-47,250 
-46,750 
-46,250 
-45,750 
-45,300 
45,100 
+5.700 

-45,050 (± 150) 
-42,700 
-40,400 
-38,150 
-88,150 
-38,150 
-35,750 
-33,450 
-31,000 
-28,760 
-26,460 
-25,150 
-25,150 
-24,409 
-22,45') 
-20,550 
-18,700 
-16,850 
-16,100 
-14,300 
-14.300 

Phase Changes of Metal 
M.P., 600.5°K; A H = 1226cal./g.-atom 

c. HEAT AND FREE ENERGY OF FORMATION OF PbO(g) 
T,°K A H (cal./mole) AF° (cal./mole) 

298.16. 
400 . . 
500 . 
600 . . 
600.5    , 
600.5    . 
700 . . 
800 . , 
900 . 

1000 . , 
1100 . 
9200 . 
1300 . 
1400 . , 
1500 . 
1600 . 
1700 . 
1800 . , 
1900 . . 
2000 . . 

+10,100 (±1400) 
+9900 
+9700 
+9500 
+9500 
+8300 
+8000 
+7800 
+7600 
+7400 
+7200 
+7000 
+6700 
+6500 
+6300 
+6000 
+5800 
+5600 
+5300 
4-5100 

+5000 (±1500) 
+3200 
+1600 

0 
0 
0 

-1400 
-2700 
-4000 
-5300 
-6600 
-7800 
-9000 

-10,300 
-11,400 
-12,600 . 
-13,800 
-15,000 
-16,100 
-17.200 

Phase Changes of Metal 
1XLP. ,600.5°K; aH = 1225cal./g.-atom 

Source of Data : Heat of formation at 1745°K derived from heat of forma' 
tion and heat of vaporization of PbO (1)   (see. Table b) 
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2 
Pb 

Pb 

2 
3 

2,9 
2,9 
2,8,9 
9 
9 
2 

T,°K HT  -Hjgg.lR 
cal/mole 

ST — 0298. is 
cal./deg.   . 

mole 

T, °K HT -H2D8.1S 
cal./mole 

ST ~Ö298. IS 
cal./deg. 

mole 
400   .... 
500   . . , . 
600   .... 
700   .... 
boO    .... 
yuo  .... 

100Ö   . .   . . 

1150 
2340 
36Ö0 
4920 
6310 
7760 
9260 

3.32 
5.97 
8.26 

10.30 
12.15 
13.86 
15.44 

1100 
1159 
1159 
1200 
1300 
1400 
1500 

(c)   . . 
(1)   .. 

10,800 
11,720 
18,720 
19,380 
20,980 
22,580 
24,180 

16.90 
17.72 
23.76 
24.32 
25.60 
26.79 
27.89 
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Lead Oxide, 

e 

PbO (page 4) 

HEAT CONTENT AND ENTROPY OF 
(Base, crystals at 298.15°K) 

PbO (red) 4 

T, °K HT -■ H;n».IR 
cal./mole 

ST - S»»B.i(i 
cal./deg. 

mole 

T, °K HT - Ha9«.is 
cal./mole 

ST-0288.1« 
cal./deg. 

molö 
400    ... 1220 

2460 
3740 

3.52 
6.28 
8.62 

700 
800 
900 

5060 
6420 
7820 

10.65 
500   ... 
600   .  . . 

12.46 
14.11 

Enthalpy : HT -H2D8i5 = 10.60T + 2.00 X 10'3T2 -3338 (0.1 percent; 298-900°K) 
Heat Capacity:CD= 10.60+4.00X 10-T 

f. HEAT CONTENT AND ENTROPY OF PbO (g) 
(Base, crystals at 298.15°K) 

T,°K HT - H288.is 
cal./mole 

ST- S288.15 
caL/deg. 

mole 

T,°K HT -H286.1B 
cal./mole 

ÖT—S»8.15 
cal./deg. 

mole 
400 810 2.34 1000 5950 10.14 

PbO (g) : 
Enthalpy :HT-HMg.ie = 8.57T +0.12 X 10 8T2 + 0.79 X 105T"»-2831 

(0.2percent ;298-2000°K) 
Heat Capacity: Cp = 8.57+ 0.24 X 10 3T -0.79 X 105T* 

PbO (c) : 
Heat Capacity :CP= 12.70 +7.80 X 10 »T (est.) (298-1000°K) 

PbaOuc): 
Heat Capacity: Cp = 35.14 (298°K) 

Pb203(c) : 
Heat Capacity: C,^= 25.74 (298°K) 

See also Addnl. Ref. 2 
Heat Capacity,cal./deg./mole at 298°K : (solid, yellow) 11.60 

(liquid) 16.00 
See also Addnl. Ref. 2 

Decomposition Temperature and Products : At 300-450°C, in air, it is converted 
to Pb30,, but at higher temperatures it is reconverted to PbO. 

F<>'  DTA see Ref. ;« 

4,9 

29, Addnl. 
Ref. 1, 
54V7 
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Lead Oxide, PbO (page 5) 

Vapor Pressure: 
Press, mm.        1          10 40 100        400        760       M.P. 

Temp. °C          948       1086 1189 1265       1402      1472      890 

X-Kay Crystallographic Data : 
System           Space Group 

tetragonal (red)             D«> 
rhombic (yellow)            VJ* 

a 
3.96 
5.6D 

b        c        Molecules/Unit Cell 
—   4.01                     2 

4.72    5.83                     4 

a.H.% 31 43 65 75 93 

Time of 
Exposure 

24 hrs.  equil. 24 hrs. equil. 24 hrs. equil. 24 hrs. equil. 24 hrs. equil. 

Cain 
mg./g. 

1.8        2.6 12       3.9 4.7        3.8 5.1       6.6 7.4       7.5 

Soiubility Data: In water: 
in HNÖ3, alk. lead acetate, 
fixed alkali hydroxides: 
In alcohol: 

.0017g./100g.at20° 
NH<C1, CaCU, SrCU, and warm solutions of 

soluble 
insoluble 

Health Hazard: More poisonous than metallic lead or most other lead com- 
pounds. Avoid breathing dust. Wear approved dust mask,K3£p away from 
food or food products : 
M.A.C., mg./m.»: 0.2 

0.15 

Safety Classifications: 
OSM: 
ICC: 

not listed 
no shipping label required 

Fire and Explosion Hazard : Dangerous. When heated emits highly toxic fumes. 
Electrostatic Sensitivity :   

Use in Pyrotechnics:   

Additional References : 
1) C.A. 52,6998 (1958) 
2) "Low Temperature Heat Capacities and Entropies at298.15°K of Lead 

Sesquioxide and Red and Yellow Lead Monoxide," E. G. King. J. Am. 
Chem. Soc. 80,2400 (1958) 

29 

1 

12,29 

25 
14 

12 
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LEAD OXIDE (LEAP TETO&XTOE).  PfcA 
(Minium, Red Lead, Mineral Orange, Mineral Red, 

Plumbo, Puce, Orthoplumhate, Paris or Saturn Red) 

Tyyn II pasU in oil, grade 97. 
Molecular Weight: 686.63 
Crystalline Form: scales or amorphous 

powder 
Color: red 

When heated becomes redder, theh violet and black; on cooling again 
regains its scarletred color. , 

Density, g./ml, : (solid) 9.1 

Varies from 8,32'to 9.16 according to method of preparation. 
Coefficient of Thermal Expansion :   
Heat of Formation, Kcal./mole at 298°K: -175,6 

See table below 
Free Energy of Formation, Kcal./mole at298°K :       -147.8 

See table below 

HEAT AND FREE ENERGY OF FORMATION OF Pb3Q«(cl 
T.°K AH (cal./mole) & F° (cal./mola) ■ 

m.äß. ■. ■. ~       --mm ^&m       -tw.mi^'^m' 
400   ..... -176,500 -138,000 
500  -175,000 -129,000 
600   ...... -174,500 -119,500 
Ö00.5  -174,500 -119,500 
600.5   .... -178,000 -119,500 
700  -177,500 -110,000 
M0  -176,500 -100,500 
900  -178,000 -91,000 

1000  -173,500 -81,500     
Phase Changes of Metal 

M.P., 600.5°K; A H » 1225 cal./g.-atom 
Free Energy Equations: 

Reaction Range of Validity, °K ■ 
1) 3Pb(c)+2'01<:ir)---.PhA'(c) 298.16-600.5 

A RJ -- = -174.920 -,- S.S2T logT - 8.20 (lO^T*) -.40 (lOT1) + 72.78T 
2) 3!'bU) +202 a) »PuiO« (c) 600.5-1000 

A Frr rr,- 177,860 J- ir>.rj9T logT-11.05 (10 T8) -.40 (lOT1) + 60.57T 
tfntiv, v, tai./dfif. tj'ol'i at '.WK: 50.5 

Refs. 
1.11.29 

1 
1 
54V7 

1 
54» 

1,8, 

1,8, 

3, 9, 24 



Lead Oxide, PbsO« (page 2) 
Melting Point: 

See Decomposition Temperature 
Heat of Fusion: 
Boiling Point: 

Transition Point: 
Pb02 •* 

290-S20°C 

decomposes at about 
773°K (500°C) 

390-420°C             530-B5QOC 
Pb,0, - Pb,04 -•  

PbO (yellow). 
Heat of Sublimation :   

Heat Content or Enthalpy :   
Heat Capacity, cal./deg./mole at 298°K : (solid) 35.14 
Decomposition Temperature and Products. Heated in air above 450°C, it is 

converted to PbO. About 550°. 
Stableat530°C. 
For TCA see Kef. 45 

Vapor Pressure: 

forPbs04 PbO (yellow) +%0, 

-ress. mm. 8,4 3.04 76.0 155 589 859     1045 

ieHijv°C 444.8      484.4      511.2     537.6      558.3      600.7      607 

or lob ty,paM. — 7.S595T * + 11.8976 
X-Ray Crystallographic Data: 

System Space Group a c Molecvles/Unit Cell 
tetragonal Vd' 8,875       6.51 4 

Hygroscopicity (of reagent grade material after equilibrium was established 
in a vacuum desiccator): 

_R.H.% 65 75 86 93 
Time of 
Exposure 24hrs,    equil. 24 hrs,    equil. 24 hrs.   equil. 24 hrs.   equil. 

Grin, 
_ mg./g. 0.5         0.9* 0.2        0.1* 04         0.4* 0.8         0.6" 

Solubility Data : In water and alcohol: insoluble 
In acetic acid, hot HC1 soluble 

Heaith Hazard: A cumulative poison that produces anemia and lesions of the 
kidneys, iiver, nervous system, bloodvessels, and other tissues..The speci- 
fication requires the following warning label: "Warning! Contains lead 
Oxide Hazardous Dust. Avoid breathing dust and fumes. After handling 
or exposure do not sat or smoke without washing thoroughly. Ute with 
adequate ventilation. Keep away from food or food products." 
M.Ä.C.. mg./m.J: 0.2 

0.15 

Addnl. Ref. 2 

29, Addnl. 
Ref.l 

54V7 

54V7 

18 

32 

1 

29,14 

25 
14 
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Lead Oxide, Pb»04 (page 3) 
Safety Classifications: 

OSM: class 2 
ICC : oxidizing material 

yellow label 

Fire and Explosion Hazard: Dangerous because when it is heated it emits   12 
highly toxic fumes. It reacts with combustible and reducing agents. 

Electrostatic Sensitivity:   

Ute in Pyrotechnics: asanoxidizer 17 

Additional References: 
1)   CA 52,6998 (1968) 
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LEAD PEROXIDE, PbO, 
(Lead Dioxide, Lead Superoxide, Browm Lead Oxide, Plattnerite) 

Percent Oxygen: 18.38 
Specification No.: JAN-1^376 

Molecular Weight: 239.21 
Crystalline Form: 
Color: 
Density, g./ml. : 

Coefficient of Thermal Expansion, linear: 
Heat of Formation, Kcal./mole at 298°K: 

See table below 
Free Energy of Formation, Kcal./mole at 298°K 

See table below 

tetragonal 1 
brown 
(solid) 9.876 Addnl.R=f.3 
(regulineat20öC)9.86 
0.067 X 10-» 64V7 
(c)-66.12 1.9 

-62.34 

HEAT AND FREE ENERGY OF FORMATION OF PbO»(c) 

T7*K A H (cal./mole) A F° (cal./mole) 

Refa. 

1,12,29 

1,9 

298.16. . . . -66,100 ( 
400   ..... -65,900 
500   ..... -65,700 
600   ..... -65,500 
600.5   .... -65,500 
600.5   .... -66,700 
700  -66,400 
800   ..... -^■H 
900   .... -65,500 

1000   .     ... -65,000 
1100   ..... -64,400 

1400) -52,800 (± 1200) 
47,700 
-48,100 
-38,600 
-38,600 
-38,600 

-29,400 
-24,800 . 
-20f800| 
-15,900 

0-ase Changes of ^öaL 
M.P., 600.5°K ;A H = 1225cal./g.-atom 

Entropy, cal./deg./mole at 298°K : 18-3 M 0.5 
Melting Point: decomposes 
Heat of Rision:   
Boiling Point:   

Transition Point: See Lead Oxide (Lead Tetroxide), Pb»0« 
Heat of Sublimation :   
Heat Content or Enthalpy:   
HeatCapacity,tul./deg./moleat298°K: (solid) 15.4 
Decomposition Temperature, °C: 290 

3,9 
1 

9 
1 
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had Peroxide, PbOa (page 2) 

Decomposition Products : Evolves oxygen when heated above 300°C, firstform- 
ingPb304, and at high temperatures PbO. 

R.H.; % 65 76 86 93 

Time of 
Exposure 24hrs.    equil. 24 hrs.    equil. 24 hrs.    equil. 24 hrs.    equil, 

Gain, 
mg./g. 0.3       0.2* 

0.1       0.2 
0.2        0.2* 
0.4        0.S 

01 
0.8         .03 

0.8         0.9 
0.3         0.0 

Solubility :In water and alcohol: insoluble 
In du. HC1: soluble 
In acetic acid : slightly soluble 

Health Hazard: A cumulative poison. On ingestion or inhalation it produce! 
anemia of the kidneys, liver, gonads, nervous system, blood vessels, and 
other tissues. 
M.A.C., mg./m.8 : 0.2 

0.15 
Safety Classifications: 

OSM :Class 2 whennot packed or stored in original containers or equivalent 
ICG: oxidizing material; 

yellow label 
Fire and Explosion Hazard : Dangerous because when heated to decompositioi 

it emits highly toxic fines of lead. It reacts with reducing material. 
Electrostatic Sensitivity:   

Changes under Heat and Oxygen Pressure : Under 200 atmospheres of oxygen 
Pb02 is unstable to 360-365°C, but then dissociates to form Pb,0n whiclti 
is stableto 460-470°C when it passes into Pb,04. 

Use in Pyrotechnics: asanoxidizer 

Additional References : 
1) "The Thermal Decomposition cf Lead Dioxide in Air," G. Butler and 

J. Copp, J. Chem. Soc, 725 (1956) 
"Structure and Equilibria of Lead Oxides." See C.A 43,6689 (1948) 
"The Electrical Conductivity and Some Other Properties of Reguline 
Lead Peroxide," W. Palmaer, Z. Elektrochem 29, 415 (1923) ;CA. 18 
616 (1924) 
"A New Oxide of Lead," C. Holterman and P. Lafitte, Compt. rend. 
m, 813 (1927) ;C.A.31,5702 (1937) 

5)  C.A. 52,6998 (1958) 

!»> 

4) 

L7V8,29 
Addnl. 
Ref. 5 

54 V7 
1 

32 

12,17V8 

25 
14 

12 

Addnl. Ref. 4 

17 
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Formula : 
Pb2Os is 
compoun 

LEAD SESQUIOXIDE 

(Lead (III) Oxide, Lead (II, N) Oxide, Lead Trioxide 

Plumbous Plumbate, DUead Trioxide) 

Pb,0, 
eneraily considered to be lead, metaplumbate (PbOtPbOj) or a 
of Pbu and Pb02 into which it is decomposed by acids. ■ 

10.38 Percent Oxygen : 

Specification No. : 

Molecular Weight: 

Crystalline Form : 

Color: 

Density : 

Coefficient of Thermal Expansion : 

Heat of Formation : 

Free Energy of Formation : 

Entropy, cal./deg./mole at 298.15°K : 

Melting Point: 

Heat of Fusion: 

Boiling Point: 

Transition Point: 
Heat of Sublimation : 

Heat Content or Enthalpy: 

Heat Capacity, cal./deg./mole at 298°K : 

none 
462.42 ,   . 
monoclinicor amorphous 

.powder 
yellow to reddish-yellow 

36.3 ±0.7 

decomposes about 
643°K <870°C) 

see Lead Oxide (Pb,04) 

(solid) 26.74 

Decomposition Temperature: At 360-415°G, it form* red lead with loss of 0 
At red heat yields PbO +0. 

Decomposition Products : Converted'in air at 870°C to Pb80*. 

Vapor Pressure :   

X-Ray Crystallographic Data : 
Space 

System     Group a b Axial Angle 
ß = 80°6' 

Molecules/ 
Unit Celt 

2 

Hygroscopicity :   

Solubility Data: Insoluble in cold water, decarposes in hot. Decrnposad bj 
cone. HCl or H2S04 with the liberation of Cl or O respectively. 

Reft. 

1,50 

S2V7 

Addnl. Ref. 1 

1 

4, Addnl. 
Ref. 1 

54V7 

29 

18 

1 
29 
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Lead Seaquioxide (page 2) 

Health Hazard: A cumulative poison when mfeated, inhaled, or absorbed. 
M.A.C.,mg./m.s: 0.2 

Safety Classifications: 
OSM: Not listed. Probably class 2 when not packed or stored in original 
shipping container or equivalent. 
ICC: not listed 

Fire and Explosion Ifeeacd: ■ 
Electrostatic Sensitivity:   

U93 in Pyrotechnics: as an oxidizing agent 

Additional References: 
1) "Low Temperature Heat Capacities and Entropies at298.16°K of Lead 

Sesquioxide and Rad and Yellow Lead Monoxide," E. G. King, J. Ann 
ChemSoc.50,2400 (1968) 

12 
25 
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LINSEED OIL 
(Bung Oil, Bung Hole Oil, Linum l)8ilaiiss.iiiuum) 

Linseed oil is obtained by pressing the seeds of the flax plant. The ocm- 
mercial oil is hot pressed. When fresh, the oil is yellowish with a peculiar odor 
and a bland taste; however, the hot pressed oil has a bitter taste. On exposure 
to the air, the oil slowly oxidizes becoming darker, more viscous and acquires 
a stronger taste and odor. Boiled linseed oil.is prepared by heating with metallic 
oxides, usually of lead or manganese (called driers). Such oil is called bung oil 
or bung hole oil. The state law of Ohio defines linseed oil as prepared pure 
linseed oil heated to a temperature of 225°F, incorporating not more than 4% 
by weight of drier, and with a specific gravity at 60°F of not less than 0.935 
and not greater than 0.935. The oil dries in air with a glassy appearance and 
makes a hard yellowish film. The oxidized elastic solid is known as linoxyn. 

Linseed oil is a mixture of glyceridesof higher fatty acids, both saturated 
and unsaturated. Of these linoleic acid is about 48% and linolenic acid about 
34%, Glyceridesof stearic, palmitic, and myristic acids are also present, Addnl. 
Ref. 3 gives the following fatty acid analysis: 0.2 myristic, S.4 palmitic, 3.5 
stearic, 0.6 aratfhidic, 9.6 oleic, 42.6 linoleic, 38.1 linolenic. 

With chloroform, ether, petroleum ether, CS2, 
and oil of turpentine: miscible 

Health Hazards: Slight. Boiled linseed oil contains a small amount of manganese 
dioxide. Because of this, if it is splashed in the eyes, it will cause extreme 
irritation. When handling keep Unseed oil away from fire or open flame. 
Store it in a sealed container and away from oxidizing agents. If linseed 
oil has been splashed into the eyes, wasn the eyes in a solution of one part 
vinegar and four parts water by volume. Send the victim to a physician 
for examination and additional treatment. 

Safety Classifications: 
OSM: Not classified, but listed as a flammableliquid. 
ICC! not listed 

Fire and Explosion Hazard : Flammable andean ignite spontaneously, lb fight 
fire use foam, COS) dry chemical, or CCl«, 

Electrostatic Sensitivity:   

Refs. 

L6, 29,67 
\ddnl, Ref. 3 

Specification (for boiled linseed oil): 
(for raw linseed oil) : 

TT-O-364 
TT-O-869 

Density» g./ml.s 0.930-0.938 1 
Solidification Point, °C: -19 to -27 1 
JBoUiüg" Point: 616°K (343°C) 

588.7°K <315.6°C) 
(600°F) 

12 

67 

Decomposition Temperature and Products : 
Hygroscopicity: nonhygroscopic 

Solubility Data: 
In alcohol: slightly soluble 29 

12 

26,67,75 
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Linseed Oil (pa^e 2) 

Constants for Linseed Oil (raw) 
Maumene number : 
Acid value: 
Refractive index, N&5 : 
Reichert-Meissl number : 
Unsaponified matter: 
Saponification value: 
Iodinevalue: 
Hehner's number: 

103-126 
1-3.5 
1.4797-1.4802 
0.95 
0.4-1.2 
188-195 
175-202 
94.5-95.5 

Flash Point (dooed cup) CF (literature referencesvary) : 
(raw) from 432 to 468 
(boiled) from 878to 408 

Autoignition Temperature, °F: 
Literature references givevaluesrangingfrom650 to 820. 

Use in Pyrotechnics: as a binder, a retardant 
andto reduce 
hygroscopicity 

Additional References: 

.l)"The Chemical Constitution of Natural Fats," T. P. Hilditch, London 
(1956) 

2) "Vegetable Eats and Oils," E.W.Eckey, Reinhold Pub. Corp., New York 

12,26,67 

?«„67 

(1954) 
3) "Fats and Oils,' 

York (1944) 
H. G. Kirschenbauer, Reinhold Publishing Co., New 
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LITHIUM, Li Refs. 

Specification No.: 
Molecular Weight: 6.940 
Crystalline Form : cubic 
Color: silvery white, yellows on 

exposure to moist air 
Density, g./ml: (solid) 0.684 
Coefficient of Thermal Expansion, linear, 0-95°C : 56 X 10"6 

cubic, 0-178°C: 170X10"« 
Heat of Formation, Kcal./mole at 298°K: (gas) 37.07 
Free Energy of Formation,Kcal./mole at 298°K : (gas) 29.19 
Entropy, cal./deg./mole at 298°K : (gas) 33.14 

See Tables a, b, and c 
Melting Point: 
Heat of Fusion, cal./mole: 
Boiling Point: 

Heat of Vaporization, cal./mole : 
'transition Point: 
Heat of Sublimation, cal./mole at 298°K : 

Heat Content or Enthalpy, cal./mole at298°K 

See Tables a, b, and c 

726.8°K (453.70°C) 
722.8 
1604°K (1331°C) 
32,990 
(c) II -► 177°K <-196°C) 
(monatomicgas) 38,440 
(diatomicgas)    50,470 
(solid) 1092 
(diatomic gas) 2312 

HEAT CONTENT AND ENTROPY OF Li (c, 1) 
(Base, crystals at 298.15°K) 

29 

1 
27 

1.5 
1,5 
1,A 

4,5 
5 
5 
5 
5,41' 

T,°K HT - "298.15 ST-a»».» T,°K HT- H298.1.1 •Sr-Sjistf.is 

cal./mole cal./deg. 
mole 

cal./mole caL <k-£ 
Hick 

350   .... 315 0.97 900   .... 4845 9.0S 
400   .... 630 1.82 1000   .... 5535 b.tfu 
453.7 (c)   . 1000 2.68 1100   .... 6225 10.46 
453.7 (1)   . 9715 4.26 1200 6910 11.06 
500   .... 2050 4.96 1300 7595 11.61 
600   .... 2765 6.26 1400   .... 8280 12.12 
700   .... 3465 7.34 1500   .... 8960 12.53 
800   .... 4155 8.27 1600   .... 9645 13.03 

Ii(c): 
Enthalpy :HT-H288.,5 = 1.64T + 5.55 X 10*T*-0.84 x lO'T"1 - 701 (0.1 percent;298-453.7°K) 
Heat Capacity: CP = 1.64 + ii.lOX 10-'T +0.84 X lO^T8; AH„,.7 (fusion) = 715 
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Lithium, Li (page 2) 

Li (I) : 
Enthalpy: HT-Hm.,s=6.78T-0.99 X lO'T"1 

Heat Capacity :CP=^6.78 +0.99 X lOT* 
1143 (0,1 percent;   453.7 -1600°K) 

h HEAT CONTENT AND ENTROPY OF Li (g) 
(Base, ideal gas at 298,15°K) 

T,°K HT-H2»8.15 ST — Ö298.1B 

cal./mole cal./deg. 
mole 

400  505 1.46 
500  1005 2.57 

1500 3.48 
700   .... 1995 4.24 

2495 4.90 
900  2990 5.49 

1000     3490 6.01 
1100      3985 6.49 
120Ö 4480 6.92 
1300 . ; . . 4980 7.32 
1400    .... 5475 7.69 
15Ö0 6975 8.03 
1600   .... 6470 8.35 
1Y0Ö   .... 6965 8.65 
1800    .... 7465 8,94 

T °K HT — HgM.ig Sr - S2tg.1t 
cal./mole cal./deg. 

mole 

7960 9.20 
8460 9.46 
9460 9.94 

10,460 10.37 
11,470 10.78 
12,496 11.16 
18,626 11.51 
16,190 • 12.33 
19,010 13.08 
22,030 13.80 
25,316 14.49 
33,070 15.90 
43,240 17.46 
56,610 19.23 

1900 
2000 
2200 
2400 
2600 
2800 
3000 
3500 
4000 
4500 
6000 
6000 

'7000 
8000 

Li (g): 
Enthalpy : HT -Hm.ls = 4.971: -1482 (0.2 percent; 298-3000°K) 

c. HEAT CONTENT AND ENTROPY OF Li, (g) : 
(Base, ideal gas at 298.15°K; mal, wt., 13.88) 

T, °K HT — H298.15 ST- S298.15 T,°K HT - H29g.1t ST - S2t8.lt 
cal./mole cal./deg. 

mole 
cal./mole cal./deg. 

mole 

460   .... 890 2.59 1300   .... 9115 13.30 
500    . . . . 1780 4.57 1400   .... 10,060 14.00 
600   .... 2675 6.20 1500   .... 10,985 14.64 
700   .... 3580 7.61 1600   .... 11,925 15.25 
800   .... 4490 8.81 .    .   12,865 15.82 
900 5410 9.90 1800    .... 13,815 16.36 

1000   .... 6330 10.87 1900   .... 14,770 16.88 
1100 7250 11.74 2000   .... 15,725 17.37 
1200   .  . . . 8180 12.56 
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Lithium, iA (page 'S) 

fcüntnaipy: l{T-HaM.iB = a.y;vr + 0.16 X 10 8T2 + 0.3ö x 10'T ' - 2797 
(0.1 percent; 29«-2000°K) 

Heat Qapacity: C„   = 8.93 + 0.32 X 10 »T - 0.36 X lO'T 2 

(solid) 6.91 
(gas, monatomic) 4.97 
(gas, diatomic)     8.62 

d. HEAT CAPACITY OF Li 

Heat Capacity, cal./deg./moie at 298°K 

Solid 298-453.7°K 
Liquid 453.7-1604°K 
Gas (mon.) 1604-3000°K 

T,3K C° (cal./deg./mole) 

298 5.91 
400 6.50 
500 7.20 
600 7.06 
yoö 6.90 

1200 6.87 
1600 6.80 
1700 4.97 
2000 4.98 
2400 5.03 
2800 5.13 
3U00 5.21 

Decomposition Temperature: 
Decomposition Products: 
Vapor Pressure: 

Press, mm,      1          10 40          100          400 760       M.P. 

Temp. ;C      723       881 1003        1097        1273 1372        186 

X-Ray Crystailographic Data: 
System                    Space Group                 a Atoms/Unit Cell 
cubic                              "h 3.502 2 

Hygroscopieity : Reacts with water ; forms LiOH,evolves H2. 
Solubility Data: In water: forms LiOH, evolves H2 

in alcohol: decomposes 
In acids: soluble, reacts and 

evolves H2 

In liquid NH3: soluble 
Health Hazard : Will burn in contact with many substances, producing a caustic 

smoke which is toxic by inhalation. Dangerous when ingested or inhaled, 
and produces painful burns when in contact with the skin. 

12,14 
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Lithium, I* (page 4) 

'"' ifety Classifications : 
OSM: Not specifically listed; probably class 2 as a powderi-d metal 
ICC: flammable si;lid, yellow 

label 
Fire and Explosion Hazard : Dangerous explosive hazard wh(-a exposed to 14,12. 16 

heat, flame, or by chemical reaction with water, acids or ^xidizers. On 
burning, it emits toxic fumes of Li20 and LiOH. It burns m air with a 
dazzling bright light. Keep the metal submerged >n kerosene. Store and 
process only in rooms or buildings adequately vented at the highest pint 
to prevent the accumulation of hydrogen gas which results from the reac- 
tion with moisture. Suitable respiratory protective equipment and self- 
contained breathing apparatus should be used where permissible concen- 
trations are likely to be exceeded. To fight fiiE, use special mixtures of dry 
chemicals, soda ash, or graphite. 

Autoignition Temperature, °F : 392 12 
Electrostatic Sensitivity :   
Use in Pyrotechnics : Burns with a brilliant crimson to carmine-red color. 1, 29 
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LITHIUM NITRATE, LiN08 Refs. 

Percent Oxygen : 60.62 
Specification No. : 
Molecular Weight: 68.95 
Crystalline Form: trigonal 1 
Color : colorless 
Density, g./ml.: (solid) 2.38 1 

(liquid) d =1.924-.548 Xl0-8t<>c (M.Pio550°C) 40V2 
Coefficient of Thermal Expansion, at 254°C 

(molten) cubic: about 3.15X10* 44V20 
Heat of Formation, Kcal./mole at 298°K: (c)-116.28 1,9 
Free Energy of Formation, Kcal./mole at298.16°K : -96.63 86 
Entropy, cal./deg./mole at298.16°K : .38.4 86 

See table below 
Melting Point: 525°K (252°C) 4 
Heat or' Fusion, cal./mole: 6120 4 
Boiling Point: decomposes 
'Transition Point:   
heat of Sublimation:   

HEAT CONTENT AND ENTROPY OF LiN03 (c, 1) 4 
(Base, crystals at 298.15°K) 

T, °K HT — H298.1S 
cal./mole 

ST —0288.15 
cal./deg. 

mole 

T,°K Hx-H^g.lB 

cal./mole 
ST -0298.15 
cal./deg. 

mole 

353 
400 
450 
500 

1130 
2280 
3480 
4730 

3.50 
6.57 
9.39 
12.03 

525 (c) 
525 (1) 
550 . . 
600 . . 

5380 
11,500 
12,160 
13,490 

13.29 
24.95 
26.18 
28.49 

LiNO, <c) : 
Enthalpy: HT -H298.,5 = 14.981' +10.60X lfrT» -5409 (0.1 percent; 298-525°K) 
Hear, Capacity: Cp = 14.98 + 21.20 X 10«T 

LiN03(1) t 
Enthalpy :HT-H2M.15 =26.60T-2470 (O.lpercent ;525-600°K) 
Heat Capacity, cal./deg./mole : (liquid) 26,60 
Decomposition Temperature and Products : When heated, gives off oxygen then 

a mixture of oxygen and nitrogen. 
Rar DT A and TGA see Refs. 33, 47 

Vapor Pressure:   

4 

54V2 
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Lithium Nitrate, LiNOs (page 2) 

a 
5.74 

Axial Angle 
a = 48°3' 

Molecules/ Unit Cell 
2 

52 cold, 66 at71°C 
slightly soluble 

Keep in closed containers. 

X-Ray Crystallographic Data: 

System        Space Group 
hexagonal D|d 

Solubility : 
In water (g./100ml.) : 
In acetic acid: 

Hygroscopicity : Deliquescent. Caution : 
Health Hazard : Large amounts taken by mouth may be fatal. 
Safety Classifications: 

OSM : Class 1. Class 2 when not packed or stored in original shipping con- 
tainers or equivalent.    . 

ICC: oxidizing material 
Fire and Explosion Hazard: A vigorous oxidixing agent. May explode when 

heated with a fuel, or when exposed to heat or by shock. On decomposition 
it emits toxic fumes. 

Electrostatic Sensitivity :   
üsa in Pyrotechnics: as an oxidizer ;to color 

burning compositions 
red 

29 
12 

17 
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LITHIUM l'ERCHLORATE, LiCK), 

Percent Oxygen: 60.15 
Specification No. : none 
MDlecular Weight: 106.40 
Crystalline Form: no regularf orm 

recognizable I4V20 
Color : colorless 1 
Density, g./ml. : 
coefficient of Thermal Expansion: 

(solid) 2.429 1,65 

Ifefc of Formation, Kcal./mole at298°K : -91.77 72 
Free Energy of Formation: 
Entropy : 
Melting Point: 509°K (236*0) 9 

520°K (247°C) 
Values vary from < 300 to410°C, with decomposition. 

decomposes at 
653°K (380°C) 

380 

Boiling Point: 

Transition Point: 
Heat of Sublimation' 
Heat Content or Enthalpy: 
heat Capacity : 
Decomposition Temperature, °C : 

For DTA and TGA see Refs. 33, 47 
Decomposition Products : LiCl +0S 

Decomposition : Does not begin to show an appreciable decomposition rate until 
the temperature is raised to over 400°C. 
There is an endothermic break at 610°C, corresponding closely to the melt- 
ing point, of LiCl (614°C), At abut 420°C LiCIO« begins to undergo 
appreciable loss. The temperature interval between salt fusion and onset 
wi rapid decomposition is from 247 to about 502°C, or approximately a 
range of 255°C : 

LiCIO« • H:0 loses H20 at 146°C 
The pure anhydrous salt can be heated to at least 300°C without decompo- 
sition, bat ordinary samples decompose at lower temperatures to chloride 
and oxygen owing to the catalytic effect of dust and atmospheric impurities. 

V üpor Pressure:   
X-Hay Crystallography Data forLiCKV3H20 : 

System Space Group 
hexagonal C* 

a 
7.71 

c 
5.42 

Hygroscopicity: 
Solubility Data: in water (g./lOOg.) : 

deliquescent 
59.7at25°C 

Refs. 

Addnl. Ref. 1 
65 

29 
72 

Addnl. Ref. 1 

Addnl. Ref. 1 
52V7 

1 
1 
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Lithium Perchlorate, LiCIO« (page 2) 

Solubility in Nonaqueous Solvents at 25°C 
Solvent g./100 Q. or Solvent 
acetone 136.5 
ethyl acetate 95.2 
ethyl ether 113.7 
methyl alcohol 182 
ethyl alcohol 151.8 

Health Hazard: May irritate the skin and mucous membranes. lithium salts 
are rated moderately toxic. They affect the nervous systems, and can cause 
death. 

Safety Classifications: 
OSM: Class 1. Class 2 when not stored in original shipping containers or 

equivalent. 
ICC :   Oxidizing material; yellow label. Classed under "Explosives and 

Other Dangerous Articles." 
Fire and Explosion Hazard: A powerful oxidizer, can cause fires by chemical 

reaction, and forms explosive mixtures with carbonaceous materials or 
finely divided metals, sulphur, powdered magnesiumor aluminum. Explodes 

.   on shock or by chemical reaction. 
Electrostatic Sensitivity :   

TJte in Pyrotechnics : as an oxidizer ;to color 
burning compositions red 

Additional References: 
1) "The Differential Thermal Analysis of Perchlorates. 11. The System 

LiCIO, - LiC03," M. M. Markowitz, J, Phys, Chem. 62, 827   (1968) 
2) "Precise Studies of the Crystal Structures of Lithium Perchlorate Tri- 

hydrate, Anhydrous Lithium Perchlorate, and R±assiuii Perchlorate," 
R. J. Prosen and K. N. Trueblood, Perchlorates 0N-2,OSR TN 56-563, 
ASTIA Document Nb.AD110-384 (1956) 

65,72,77 

29,65 

12 
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LUPERSOL DDM 

Lupersol DDM is a proprietary mixture of 60% methylethylketone 
peroxide in dibutylphthalate,marketedby the Lucidol Div., Wallace andTieman, 
Inc., Buffalo, New York. The following data, except where otherwise indicated, 
are from the Lucidol Div., Wallace andTiernan, 

The structure of methylethylketone peroxide is: 

CH»      CHj CHj     CHg 

HBCr-C-0-0-C-C2H5 or HaCir-<lM)-0-C-C2H5 

O-O-H O-H O-O-H O-O-H 
The market product has about 11% active oxygen. 

Stability: Lupersol loses about 7% of its peroxide content after 12 months of 
storage at ambient temperatures (20-80°F). 

DECOMPOSITION KINETICS 

Active          Cone, g. moles Temp. Half Life First Order E (Activation 
%         peroxide (-0-0-)/l. °C t y% inhrs. Rate k./hr. Energy) 

Kcal ./mole 

11                         8.2 85 81.2 0.00854 
at start 100 16.2 Ü.U428 

115 3.6 0.198 28.5 
145 0.25 2.77 

DECOMPOSITION TEMPERATURES IN BENZENES AT 
SELECTED HALF UEE VALUES 

Time 1 min. 10 hrs, 100 hrs. 
Temp. C°        182 105 83 

Solubility Data : Soluble in most synthetic resin monomers. 
Health Hazard: Highly toxic by ingestion. 
Safety Classifications: 

OSM; Not specifically listed but peroxides are in class 1 when stored in 
original shipping containers, and in class 2 when not in original 
shipping containers or the equivalent. 

ICC: Not specifically listed, but organic peroxides not otherwise speci- 
fied are classed as flammable liquids and as oxidizing materials 
under "Explosives and Other Dangerous Articles." 

Fire and Explosion Hazard : Methylethylketone peroxide alone is shock sensi- 
tive. To reduce the sensitivity to shock, it is diluted with dibutylphthalate 
and xS then acceptable for shipment. The peroxide may exist in several 
different structures, some of which are extremely shock sensitive even in 
60% solution. The solution may thus be a hazard. Lupersol DDM will de- 
compose rapidly at 125°C. The solution has a flash point (open cup) above 
45°C and burns like gasoline when ignited. Eupersol DDM is widely used 

Reffi. 

Addnl. Ref. 2 

Addnl. Ref. 1 

Addnl. Ref. 2 

Addnl. Ref. 2 

12 

12, Addnl. 
Ref. 3 
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Luperaol DDM  (page 2) 

as a roan temperature catalyst with cobalt naphthenate or similar metallic 
drier as the accelerator. Mixtures of the peroxide and accelerator will de- 
compose explosively and the two should not be brought into direct contact. 
As a powerful oxidizing agent, the peroxide can react vigorously with 
reducing materials. 

Storage Precautions: Store in an isolated building with no other type 
of material. Buildings containing the peroxide should be posted "Flam- 
mableStorage—Keep Fire.Away." 

Disposal of Lupersol DDM: Burning, the preferred method, or chemical'hydro- 
lysis. 
Burning Method : Pour material to be destroyed into shallow trench. Ignite 
with a wadded gasoline soaked ragtied to the end cf a 6-ft. steel rod. Boiling 
will be rapid but not violent. 
Chemical Hydrolysis Method: Slowly add peroxide soluüai to 10 times 
ita weight of 20% NaOH solution with constant stirring, The reaction is 
exothermic. Decomposition shall be complete in 24 hours, and is confirmed 
when an acidified sample of the alkaline reaction mixture does not liberate 
iodine from an acetone solution of Nal, 

Electrostatic Sensitivity:   
Use in Pyrotechnics: Usually with cobalt naphthenate (g.v.) to cure lair) in ftc 

4116 (see PA-PD-594). 

Additional References: 
1)  Chem, Eng. News (Dec. 7,1959)   (WallaoeandTieman advertisement) . 

"The Evaluation of Organic Peroxides Qn the Basis of Half life Data," 2) 

3) 

4) 

D. Doehnertand O.Mageli, Modem Plastics 86,142 (1959) 
"The Ute of Organic Peroxides," C. H. Rybolt, paper presented at the 
11th meeting of The Reinforced Plastics Division, S.P.I., Atlantic City, 
New Jersey (1956) 
For use with Taminac 4116, see Ref. 73 

Addnl. Ref. 3 
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MAGNESIUM, Mg 
Specification No. : 3ÄN-M-382 

The specification covers three types. Types I and II nust be manufactured 
by grinding, scamping, turning, or any combination of these methods which 
will yield a suitable product. T^pe III nust be manufactured bythe atrxnLz- 
ing process. T^pe I is divided into two grades which differ in purity. Type 
I, grade A, and types II and III all have the same purity requirements. 
Grade B is ordinarily manufactured fron scrap. 

Molecular Weight: 
Crystalline Form: 
Color: 
Density, g./ml.: 
Coefficient of Thermal Expansion at 20-100° C 

Temp. °C 
-183 to+15 

20-200 
20-500 

Heat of Formation, Kcal./mole at 298°K: 
Free Energy of Formation, Kcal,/mole at 298°K 
Entropy, cai./deg./müle at 298°K: 

24.32 
hexagonal 
silvery vhite 
1.74 
26 X 10-4 

Coeff. 
21.40 X 10-« 
27.9 X 10-« 
29.8 X 10-8 

(gas) 3 5.6 
(gas) -27.341 
(c)       7.81 
(gas) 35.51 

923C>K (650*0 
2140 
1390°K (1117°C) 
30,750 

See Tables a and b 
Meking Point: 
Heat of Fusion, cai./moie: 
Boiling Point: 
Heat of Vaporization, cal./mole : 
Transition Point: 
Heat of Sublimation, cal./mole at 298°K : 
Heat Content or Enthalpy, cal./mole at298°K : 

a. HEAT CONTENT AND ENTROPY OF Mg (c 
(Base, ideal gas at298.15°K) 

35,600 
1195 

1) 

Refs. 

5 
5 

6 
5 
5,7 
4,5 
5 
5 

5 
5 

'4 

T,°K 
cal./mole 

ST — SM«.16 
cal./deg, 

mole 

T,°K HT — H298.ir, 
cal./mole 

ST-SS98.U 
cal/deg, 

mole 

400 . . 
500 . . 
SOU . . 
700 . . 
800 . . 

■900 . . 
923 (c) 

Ö10 
1255 
1920 
2610 
3330 
4Ö95 
4275 

1.78 
3.20 
4.41 
5.48 
6.44 
7.34 
7.54 

923 (1)   ... 6415 
1000  7020 
1100     7800 
1200   . . . , . 8580 
1300  9360 
1400  10,140 

9.8G 
10.48 
11.23 
11.91 
12.53 
13.11 

„     Mg (c): 
Enthalpy :HT-H298.15 =4.97T +1.52X 10-*T»-0.04 X 105T"i -1604 (0.2 percent ;298-923°K) 
Heat Capacity: A = 4,97 + 3.04 X 103T +0.04 X 105T"2 
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Magnesium, Mg (page 2) 

Mg (1) : 
Enthalpy: HT-HMe.K=7.80T-780 (0.1 percent; 923-1400°K) 

b. HEAT CONTENT AND ENTROPY OF Mg (gas) 
(Base, ideal gas at 298.15°K) 

T,°K 
cal./mole 

ST —0298.1« 
eal./deg, 

mole 

T,°K HT — H2B8.lt 
cal./mole 

ST-Sj68.1ü 
cal./deg. 
Sole 

400  505 
500  1005 
600  1500 
700  1995 
800  2495 
900  2990 

1000  3490 
1100  3985 
1200  4480 
1300  4980 
1400 ..... 5475 
1500 ..... 5970 
1600 ..... 6470 
1700  6965 
1800   7465 

1.46 
2.57 
3.46 
4.24 
4.90 
5.49 
6.01 
6.49 
6.92 
7.32 
7.69 
8.03 
8.35 
8.65 
8.93 

1900 ...... 7960 
2000  8455 
2200  9450 
2400  10,445 
2600   11,440 
2800  12,440 
3000   13,440 
3500  16,980 
4000  18,610 
4500  21,400 
5000  24,410 
6000   31,355 
7000  39,955 
8000   50,805 

Mg (g) : 
Enthalpy :HT-HW8.,8 = 4.971'-1482 (0.2percent;298-3500°K) 

übst. Capacity, cal./deg./mole at 298°K : IfoliddS $%$ 

(gas)    4.97 
c. HEAT CAPACITY OF Mg 

Solid 298-923°K 
Liquid 923-1390°K 

Gas (mon) 1390-3000°K 

T °K C° (cal./deg./raole) 

298 
400 
600 
800 
900 

5.96 
6.24 
6.76 
7.42 
7.81 

1000 7.88 
1100 8.14 
1200 8.40 
1300 8.66 

1400to 
2400 4.97 
2500 4.98 
3000 5.02 

4 

4,5 
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Magnesium, Mg (page 3) 

Decomposition Temperature and Products 
For TGA see Addnl. Ref. 7 
For TGA and DTA see also Ref. 33 

Vapor Pressure : 

Press, mm.        1           10 40        100          400         760        M.P. 
Temp. °C         621       743 838        909        1034        1107        651 

X-Ray Crystallographic Data : 

System            Space Group            a           c             Atoms/Unit Cell 
hexagonal                    Dsh                 3.203    5.196                       2 

Hygroscopicity :                                                                slowly oxidizes in moist air 

ar^-R          R.H.at70oF Time of Exposure, hrs.       Gain in weight, c/<< 

material                     50 
(see. Spec.                70 
grades^                    ^ 

216                                   0.06 
216                                   0.22 
168                                   0.62 

Solubility Data: Insoluble in cold water; slightly soluble in hot; decomposing 
to Mg (ÖH)2. Soluble in mineral acids (except CrOs), cone. HF, NH., salts. 
Insoluble in alkalies. Reacts readily with dilute acids with evolution cf 
hydrogen. 

Health Hazard : Slightly to moderately toxic. Particles which perforate the skin 
may produce severe local tumors characterized by the formation of pockets 
of gas and acute inflammatory reaction, frequently with necrosis (chemical 
gas gangrene). Inhalation or fumes or dust may irritate the respiratory 
tract. 
M.A.C. : 10 pts. per million in air and 15 mg./m,8 of fumes as MgO. 

Safety Classifications : 
OSM: Class 1 ; class 2 when not stored in original shipping containers ot 

equivalent. 
ICC:    Magnesium scrap (shavings, borings or turnings) is classed as '< 

flammable solid ;yellow label. 
Fire and Explosion Hazard: Contact with water may cause ignition of pow 

dered magnesium evolution of hydrogen, and explosion. Dangerous in thi 
form?of dust or flakes when exposed to flame or by chemical action with at 
oxidizing agent. Finely divided magnesium can be ignited by a spark oi 
match flame. Highly explosive. Caution : water, C02, or carbon tetrachlor 
ide should not be used on magnesium fires. Use G-l powder or powdem 
talc on open fires and boron trichloride on oven fires. 

Store and process only in rooms or buildings adequately vented atthe high 
est point to prevent the accumulation of hydrogen gas which results fron 
the reaction of powdered metal and moisture. In the repair and maintenanct 
of buildings or equipment, powder or dust should be removed and non 
sparking tools used. 

t 

29, S3, 50 

1,29 

93,12,25,29 

14 

12,14, 49,51 

14 
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Magnesium, Mg (page 4) 

.Electrostatic Sensitivity : Minimum energy required for ignition of powder by 
electric sparks (millijoules) : 

Type Dust Layer Cloud Layer 
atomized 120 40 
milled 40 8 
stamped 20 1 

Can be ignited by a spark in an atmosphere of COj br in sir-nitrogen mix- 
tures with not less than 3% oxygen, lb avoid ignition process in helium. 

Ignition Temperatures of Magnesium Powders, °C : 
Type Dust Cloud Dust Layer 

atomized 600 490 
milled 540 475 
stamped 520 480 

Minimum Explosive Concentration, mg./l. : (atomized)   10 
(milled)       20 
(stamped)   20 

tte in Pyrotechnics : As a fuel, and in tracer, igniter, signal flare, and pyro- 
technic compositions. 

Additional References : 
1) "The Kinetics of Underwater Corrosion of Powdered Magnesium," E. 

Freeman and S. Gordon, J. Phys. Chem. 50,1009 (1955) 
2) "Magnesium and Its Alloys," C. S, Roberts, John Wiley & Sons, New 

York (1960) 
3) "National Fire Codes, Vol. II, The Prevention of Dust Explosions," Na- 

tional Fire Protection Association, Basten, Maas. (1952) 
4) "Safety  Requirements for Manufacturing and Processing Military 

Pyrotechnics," ORDM 7-255 (1952) 
5; C.A. 57,2578  (1943) 
6) Ref. 64 
7) Combustionand Flame3, No. 1,3-12 (1959) 

26,51 

49,51 

26,50 

26,50 
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MAGNESIUMS LI WPC. ■ ' u   k LI C'ii 

Specification Nb. : JAN-M-454 

The specification covers two types, A and B, which differ in granulation 
(B is coarser) : A =50/50 Mg/Al, approx, 53.3 atom % Mg. 

B = 66/35 Mg/Al, approx. 67.0 atom % Mg, 
Molecular Weight:   

Color and Form: 
Density, g./ml.: 

silvery metal 
(solid) type A, about 2.142 

type B, about 2.015 

type A, approx. 29.3 X 10"* 
type B, approx. 28.7 X 10"8 

Calculated on the basis of data in Addnl. Ref. 3 
Coefficient of Thermal Expansion : 

By interpolation from Addnl. Ref. 2 
Heat of Formation, cal./mole at298°K: type A,-1027 

Boiling Point: Decreases with increasing Mg oontent. 
Wt. % Me 20 40 60 80 

1200 
2 and 4 

1150 1116 B.P. °C 1300 
Vapor Pressure: See Addnl. Refs 
X-Ray Crystallographic Data: 

a Atoms/Unit Cell 
type A        about 10.46 about 58 
type B        about 10.57 about 58 

By interpolation and extrapolation of data in Addnl. Ref. 3 
Hygroscopicity: Cumulative increase in weight after storage : 

ouer water for 29 days       over H,S04 for 29 days     2 days in oven at 105°C 
6.3% 4.7% 4.3% 

Solubility Data: see Magnesium and 
Aluminum 

Health Hazard: * no known toxicity 

S afety Classifications: 
OSM: No classification given. Since Al and Mg powders are in class 1, 

powdered Mg/Al alloy is probably similarly classified. 
N o classification given. However, since powdered metallic magne- 
sium is classified under "Explosives and Other Dangerous Articles," 
the alloy would be similarly classified as a flammable solid requiring 
a yellow label. 

Fire and Explosion Hazard : Prevent water from contacting the powdered 
material. Store and process only in rooms or buildings adequately vented 
at the highest point to prevent the accumulation of hydrogen gas which 
results from the reaction of powdered metal and moisture. Powdered 
Mg/Al alloy mixed with oxidizing agents is a dangerous fire and explosion 
hazard. Powdered metal exposed to the air is a dangerous fire hazard, and 
when ignited burns with intense heat. In the repair or maintenance of 
buildings or equipment, powder or dust should be removed and nonspark- 
ing tools used. 
Minimum Explosive Concentration of type A Mg/Al powder is 50 mg./l. 

ICC: 

Refs. 

spec 

24 

44S3b 

51 

50V8 

14 

26 
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Magnesium-Aluminium (nuumalium) (page 2) 

Electrostatic Sensitivity: Minimum energy required for ignition of powder by 
electric sparks, millij oules: (dust cloud) 80 

(dustlayer) 20 
Ignition Temperature, °C of type A alley: (dustcloud) 635 

(dustlayer)   46 
U9S in Pyrotechnics: as fuels 

Additional References: 
1) "Magnesiumand Its Alloys," by C. S. Roberts, John Wiley & Sons, New 

York (1960) 
2) "The Physical Metallurgy of Magnesium and its ALlcys," G. V. Raynor, 

Pergamon Press, New York (1959). Contains a good phase diagram 
of the system Mg/Al, plus a discussion. 

3) "Handbook of Lattice .^ecdngsand Structures of Metals," W. B. Efear- 
son, PergamonPress, New York (1958) 

4) A. Schneider and E. H. Stroll, Z. Electrochem. A7, 519 (1941) 

26,50 

26,50 
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MAGNESIUM CARBONATE 
Specification No. : 
Molecular Weight: 
Crystalline Form : 
Color: 
Density, g./ml. : 

Coefficient of Thermal Expansion, cubical : 
Heat of Formation, Kcal./mole at 298°K; 
Free Energy of Formation, Kcal./mole at298°K : 
Entropy, cal./deg./mole at 298°K : 

See table below 
Melting Point : 

Heat of Fusion : 

Boiling Point: 

Transition Point: 
Heat of Sublimation : 

HEAT CONTENT AND ENTROPY OF MgCO, (c) 
(Base, crystals at 298,15°K) 

, MgCO, 
MiL-M-11361 
84.33 

trigonal 
white 
(solid) 3.037 
0.5 X 10-7 

-266 
-246 
15.7 . 

decomposes at 
623°K (350°C) 

loses C02 at 
1173°K (900°C) 

Refs. 

1 
1 
1 
31 

1,9 
1,9 
1,9 

T, ÖK 
eal./mo'le 

ST - 0298.15 

cal/deg. 
mole 

400 
500 
600 

2060 
4300 
6790 

5.92 
10.91 
15.45 

S'l °K HT— H298.t.n 

cal ./mole 

700 
750 

9450 
10,820 

ST — Ö298.H, 

cal./deg. 
mole 

19.54 
21.43 

MgCOs (c) : 
Enthalpy :HT -HSM.1(, = 18.62 +6.90 X 10-3T2 +4.16 X 10T1 -7560 

(0.4 percent ;298-750°K) 
Heat Capacity :CV= 18.62 + 13.80 X 103T-4.16 X 10BT-2 

Heat Capacity, cal./deg./mole: (solid) 18.05 
Decomposition Temperature : 900 °C 

For TGA see Addnl. Ref.  1 
Magnesite (mineral MgC03) begins to lose C02 at 450-500°C 

Decomposition Products : MgO + C02 

Vapor Pressure : 

Press, atm.       .0001      .0089      .0776      0.983      1.763      13.87    -473.4 

Temp. °K 673.1      723.1      763.1     813.1      843.1*    873.1*    973.1* 
*calculatedfrom equation 

.     .        .     . AH(T-T,)    ,iH= 60.863 
log kpi - log kp2 = — B   P 4.571 (T.T,) 

9 
64 

50V5 
29 
42V7 
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Magnesium Carbonate, MgC03 (page 2} 

X-Ray Crystallographic Data : 

Space Group 
u34 

System 
hexagonal 

Hygroscopicity : 
Solubility Data: In water : 

More soluble in water containing C02 

In acids: 

a 
5.61 

Axial Angle 
a = 
xial Aneli 
,==48°K' 

Molecules/ 
Unit Cell 

2 

,0106 g./100 ml. 

soluble, reacts, with 
evolution < 

insoluble 

ctswrtl 
LOfCOs 

In acetone, NH3, and alcohol: 
Health Hazard : None. Has an antacid and laxative effect. Slight to moderate on 

ingestion and inhalation. 

Safety Classifications :   
Fire and Explosion Hazard:   
Electrostatic Sensitivity:   
Use in Pyrotechnics: asaretardant 
Additional References: 3 

1)  J. Am. Ceram. Soc. 33,96101(1960) 

1 

1,23 

29,93 
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MAGNESIUM OXIDE, MgO 

(.Magnesia, Calcined Magnesia, Dead Burned Magnesia, Light Magnesit, 
Ponderous Magnesia, Magnesia Usia Perielase) 

Specification No.: MIL-M-12036A 
The spec, covers one grade of MgO, light (technical). 

Molecular Weight: 40.32 
Crystalline Form: cubic 

The spec, grade is a fluffy white amorphous powder. 
Color: colorless 
Density, g./ml. : (solid) 3.58 
Coefficient of Thermal Expansion, linear, 20-600°C :  12.4 X 10"* 

20-1000°C : 13.7X 10"8 

25°C: 

Thermodynamic Data for finely divided MgO : 
See also Tables a and b 

Itieat of Formation, Kcal./mole at 298°K: 
See Table a 

Free Energy of Formation, Kcal./mole at298°K 
Jintropy, eai./ deg./mole at 298°K : 
I-iöäi Capacity, eaL/deg./mole at 298°K : 

See Table b 

14.45X10-* 

-142.95 

-135.31 
6.66 
9.03 

R*fy. 

1, 11, 29 

1 
1 

27 
97V1 
9 

HEAT AND FREE ENERGY OF FORMATION OF MgO (periclase)       2,8 

T. °K A H (cal./mole) A F° (cal./mole) 

298.10 
400 . 
50Ö . 
OoO . 
700 . 
ijJo .. 
900 . 
923 . 
923 . 

1000 . 
1100 , 
1200 . 
1300 . 
1393 . 
1393 . 
1400 „ 
1500 . 
1600 . 
5700 . 
ISoO . 
ibOO . 
2000 „ 

-143,800(±90) 
-143,810 
-143,810 
-113,810 
-143,800 
-343,790 
-113,773 
-143,760 
-145,920 
-145,890 
-145,840 
-145,750 
-145,660 . 
-145,560 
-177,060 
-177,030 
-176,700 
-176,380 
-176,060 
-175,740 
-175,420 
-175,100 

-136,080 (± 150) 
-134,530 
-130,860 
-128,270 
-125,680 
-123,080 
-120,430 
-119,890 
-119,890 
-117,730 
-114,910 
-112,100 
-109,300 
-106,690 
-106,690 
-106,350 
-101,300 
-96,280 
-91,300 
-86,330 
-81,370 
-76,400 
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Magneeium Oxide, MgO (page 2) 

Phase Changes of Metal 
4 M.P„923c>K;AH = 2160cal./g.-atom 

B.P.,1393°K ;iH = 31,500 cal./g.-atom 

Free Energy Equations : 
Reaction Range of Validity, °K 

1) Mg (c) +y2 02 = MgO (periclase) 298.16-923 
AF$ = -l44,090-l.06TlogT-.13(lO-8T2) + .25 (lOST-1) +29.16T 

2) Mg (1) +V202 = MgO (periclase) 923-1393 
AF? =-146,810 +1.84TlogT-.62 (lOT2) +.64 (10BT->) + 23.07T 

3 ) Mg (g) + V2 02 = MgO (periclase) 1393-2000 
A Fiji =-180,700-3.75TlogT-.62 (lO-'T2) + .64 (lOT"1) +65.69T 

Entropy, cal./deg./mole at 298°K : 6.4 
See Table b 

Melting Point: 3173°K (2900°C) 
Heat of Fusion, Kcal./mole: 18.5 
Boiling Point:                                      , 3350 ± 300°K (3077°C) 
Heat of Vaporization :   
Transition Point:   

Heat of Sublimation, Kcal./mole at 298°K : > 149.4 

MgO (c) : 
Enthalpy: HT-H298 i5= 10.18T +0.87 X 10-3T2 + 1.48 X IO^T-'-SöOO 

(0.8 percent; 298-2100c'K) 
Heat Capacity: CP = 10.18 + 1.74 X 108T- 1.48 X 10eT-2 

1,9 

9 
9 
8 

64 

4 

T,°K HT — H298.15 ST —S208.15 T,°K HT — Hjeg.is Sr — Ö2B8.1B 

cal./mole cal./deg, 
mole 

cal./mole cal./deg. 
mole 

400   .... 965 2.78 1300 11,310 15.98 
500   .... 1975 5.03 1400  .... 12,570 16.92 
600   .... 3020 6.94 1500 13,830 17.79 
700    .... 4100 8.60 1600 15,090 18.60 
800   .... 5225 10.10 . 1700 16,350 19.36 
9Ö0   .... 6390 11.47 1800 17,610 20.08 

1000   .... 7580 12.73 1900 18,870 20.76 
1100   .... '8800 13.89 2000 20,130 21.41 
1200   .... 10,050 14.98 2100   . . . . 21,390 22.02 

Keat Capacity, cal./deg./mole : 
See equation above 

(solid, c) 8.94 
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Magnesium Oxide, MgO (page 3) 

Decompositiun Temperature . The temperature required to complete dissocia- 
tion has been estimated to bG above that of the temperature of a Bunsen 
£LanE. Partial dissociation is said to take place by evaporating a mixture 
of MgO and metal. 

Decomposition Products :   
Vapor Pressure :Iog,0Pram. =2.732 X 10VT +13.13,over the 

temperature range 1800-2200°K 
X-Ray Crystallographic Data: 

System Space Group a Molecules/Unit Gell 
cubic °6 4.212 4 

Hygroscopicity: Takes up moisture from the air to form Mg(OH)j and C08 
from the air to form MgC08. 
Caution : Keep container well closed. i 
See also Addnl. Ref. 2. 

Solubility Data: In water: .00062 in cold 
.0086atSO°C 

Solubility in water is increased by COj. 
In acicu and ammonium salts: soluble 
In aicohoi; insoluble 

Health Hazard: inhalation of freshly sublimed MgO may cause metal fume 
fever. Large uoses taken as an antiacid may produce undesirable catharsis. 
M.A.C., m£./m.3foran g-hr. day : 15 

Safety Classifications: 
OSM: not listed 
IOC: not listed 

Fire and Explosion Hazard:   
Electrostatic Sensitivity:   
use in Pyrotechnics:  MgO is the product of the burning of Mg, 

Additional References : 
I)  "Stability of Ceramic Materials," J. Wygant and W. Kingrey, Am. 

Ceram, Soc. Bull. 31, (7) 251  (1952); cited by Ref. 65 
2;  "The Sorption of Water Vapor on Magnesium Oxide," R. Razouk and 

R. Sh, Mikhail, J. Yhys. Chem. 59, 636 (1955) 
3)  "On me Dissociation Energies of Strontium Oxide and Magnesium 

Oxygen Molecules," R. Porter etal., J. Chem. Phys. 23, 1347 (1955) 

44V27B 

Addnl. Refs. 
1,3 

97V1 

29 

1 
29 

12 
29 
14 
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MANGANESE, >& 

Specification No.: JAN-M-476 
The specification covers three grades which differ in purity and granula- 
tion. Grade I is intended for delay powder; grades II and III, for pyro- 
technics. 

Molecular Weight: 
Crystalline Form : 

Color: 
Density, g./ml. : 

Coefficient of Thermal Expansion, linear: 

Temp. (°C) 
a phase    -190 to 0 

-183 toO 
0-20 
0-100 
0-300 

ß phase    -183 to 0 
0-20 

y phase      -70 to 0 
0-20 

Heat of Formation, Kcal./mole at 298°K: 

Free Energy of Formation,Kcal./mole at298°K 

Entropy, cai./deg./mole at 298'-',K : 

See Tables a, b, c, d 
Moiling Point: 
Heat of Fusion, cal./mole: 
Boiling Point: 
Heat of Vaporization, cal./mole at 2314°K 

Transition Points 
(727°C) 

a 1000°K p 

54.94 
cubic or tetragonal 
grey-pink 
(solid at R.T.) a = 7.44 

0 = 7.29 
y = 7.21 

Coeff. (cm./cm./°C) 
15.9 X 10-« 
17.6 X 10-« 
22.3 X 10-« 
22.8 X 10-« 
25.2 X 10-« 
12.8-20.4 X 10•• 
18.7-24.9 X 10-« 
13.6 X 10-* 
14.8 X 10-« 

(gas) 68.34 
(c) y, 0.37 
(gas) 58.23 
(c) y.0.37 
(gas) 41.49 
(c) a,7.59 

y, 7.72 

1517°K (1244°C) 
3500 
2314ÖK (2041°C) 
52,520 

moTi 

Heat of Transition, cal./mole : 
Hoat oi Sublimation, cal./mole at 298°K: 

1374°K     y 

535 545 430 
■*-ß 

66,730 
Heat Content or Enthalpy, cal./mole at 298°K: See Tables a, b, c, d 
Hetit Capacity, c;ii./moie at 298°K : See Tables a, b, c, d 

Refs. 

1 
1 
37 

27,37 

1,5 

1,5 

1 

2,5 
2,4,5 
5 
5 

2,4,5 

2,4,5 
5 
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Manganese, ftin  (page 2) 

a. HEAT CONTENT AND ENTROPY OF Mn (c, 1) 
(Base, a-crystals at 298.15DK) 

4 

T, °K              HT —H2»8.ia            ST —SMB. is 
cal./mole           cal./deg. 

mole 

T,°K           HT-H29S.1S         ST-S^KIS 
cal /mole            caL/deg. 

mole 

500            1385                    3.54 
600           2120                    4.88 
700                2895                     6.07 
800                3715                    7.16 
900            4570                    8.17 

1000 (a)   ...           5450                     9.10 
1000 (ß)   . . .           5985                     9.63 
1100             6890                   10.50 
1200            7795                   11.28 
1300            8715                  12.02 
1374 (ß)  . . .          9395                   12.53 
1374 (y)  ...           9940                   12.93 
1400   , . , . .        18,220                  13.13 

1410 (y)   . 
1410  (8)   . 
1500   . . . 
1517 (8)   . 
1517 (1)     . 
1600   . . . 
1700   . . . 
1800   . . . 
1900   . . . 
2000   . . . 
2100    . . . 
2200   . . . 
2300   . . . 

10,330                   13.2L 
10,760                 13.51 
11,780                   14.2L 
11,970                  14.34 
15,470                   16.65 
16,380                   17.23 
17,480                   17.90 
18,580                   18.53 
19,680                   19.12 
20,780                   19.69 

.  .        21,880                   20.22 
22,980                   20.74 
24,080                 21.22 

Mn (a.): 
Enthalpy :HT-H29gl5 =5.709' +1.69X 10 *T* +0.37X 105T1-1974 

(0.7percent ;298-1000°K) 
Heat Capacity : C„ = 5.70 -+• 3.38 X lO'T - 0.37 X lOT2 

Mn (ß): 
Enthalpy: HT -H288.1B =8.33T + 0.33 X 10sTa-2675 (O.lpercent ;1000-1374°K) 
Heat Capacity :C, =8.33 + 0.66 X 108T 

Mn (y) : 
Enthalpy: HT-H29g.]5 =10.70T-4760 (O.lpercent; 1374-1410°K) 
Heat Capacity: Cp = 10.70 

Mn (8) : 
Enthalpy : HT - H2»815 = 11.30T - 5170 (O.lpercent ;1410-1517°K) 
Heat Capacity :C„= 11.30 

Mn (1) : 
Enthalpy: Hr -H29815 =11.00T -1220 (O.lpercent; 1517-2300°K) 
Heat Capacity: CP =11.00 
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Manganese, Mn (page*3) 

b HEAT CONTENT AND ENTROPY OF Mn (y) 
(Base, y-crystals at 298.15CK) 

4 

T,°K HT - "29S.15 
cal ./mole 

ST- 0298.15 
cal./deg. 

mole 

T,°K HT — H29g, 
cal./mol« 

is           ST — Sjflrt.ir. 
s           cal./deg 

mole 

400   .... 705 2.03 5750 9.57 
500   ... . 1445 3.68 1100  6720 10.50 
600   .... 2230 5.11 1200  7730 11.38 
700   .... 3050 6.38 1300  8780 12.22 
800    .... 3915 7.53 1374  9570 12.81 
900   .... 4815 8.59 

Mn (y) : 
Enthalpy :HT-H29H I5=6.03T + 1.78x 10-*T2 

(0.1 percent ;298-1374<:>K) 
+ 0.44 X105T-1-2104 

Heat Capacity :CP =6.03 +3.56 X 10-sT-0.44 X 10BT3 

c. HEAT CONTENT AND ENTROPY OF Mn (g) 
(Base, ideal gas at 298.15°K) 

4 

T,3K HT ~ H.2B8.15 
cal./mole 

ST - S288.1R 
cal./deg. 

mole 

T, "K HT — HJOJU           ST — S298.IS 
cal./mole           cal./deg. 

mole 

400 
500 
60Ö 
700 
800 
900 
100Ö 
110^ 
1200 
1300 

15u0 
1500 
1700 
1800 

505 
1005 
1500 
1995 
2495 
2990 
3490 
3985 
4480 
4980 
5475 
5970 
6470 
6965 
7465 

1.46 
2.57 
3.48 
4.24 
4.90 
5.49 
6.01 
6.49 
6.92 
7.32 
7.68 
8.03 
8.35 
8.'93 

1900  7960 
2000  8460 
2200  9455 
2400  10,455 
2600  11,465 
2800  12,485 
3000  13,525 
3500   16,255 
4000   19,290 
4500  22,775 
5000  26,840 
6000  36,925 
7000  49,415 
8000   63 560 

9.20 
9.46 
9.93 
10.37 
10.77 
11.15 
11.51 
12.35 
13.16 
13.98 
14.84 
16.69 
18.59 
20.48 
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Manganese, Mn (page 1) 

d. HEAT CAPACITY OF Mn: 
Soüdi, 298-1000°K; Solid II, 1000 -1374°K : 

Liquid, 1!>17-2314°K; Gas (monatomic) 2314-3000°K 

T,°K C? (cal./deg./mole) T,ÜK C? (cal./deg./mole) 

298 6.29 1400 10.70 
400 6.75 1500 11.30 
600 7.54 1600 to 

2300 
11J0O 

800 8.21 2400 5.02 
900 8.60 2600 6.07 
1000 to 9.30 2800 5.14 
1300 3000 6.26 

Decomposition Temperature and Products: 
For DTA and TGA see Be£. 33 

Vapor Pressure : 

Press, mm.    1 P0 40 100 400 760 MJ». 

Temp.°C     1292     1505     1666       1792 2029 2151 1260 

logP (~mj^14,848T-3.023logT+16;489T (T = abs. temp.) 
2.4 mm. at M.P 

X-Üay Crystailographic Data : 
Atoms/ 
Unit Cell 

58 
20 

4 

'öysie-m Space (,roup a c 
cubic \«) 4,3 8.894 
cubic (ß) Ü6or07 6.300 
tfcii'agonai(y>        Uii 3.774 3.526 
cubic (s) 3.081 at 1140°C      3.088 at M.P. 
Hygroscopicity {% Gain in weight after 720hrs. of exposure at 70°F of spec. 

grade powdered Mn): 
R.H., %       50 76 90 
Gain, %      0.02 0.34 3.91 

Solubility Data : Decomposes water slowly in the cold, rapidly on heating. 
Soluble m dilute acids with evolution of hydrogen. 

Health Hazard : Inhalation of heavy concentrations of manganese dusts or 
fumes may produce chronic manganese poisoning. Mn may affect the ner- 
vous system and cause paralysis. Mn poisoning is detectable in the blood. 
M.A.C., mg./'m.3: 6 

Safety  Classifications : 
OSM: Class 2, wnen nut packed or stored in the original shipping con- 
tainer or equivalent (dust). 
iCC : not specifically mentionec 

37 
34 

37 
33 

51 

1 
29 
12 
25 
29 
14 
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Manganese, Mn (page 5) 

Fire and Explosion Hazard: Powdered manganese metal exposed to air is a 
dangerous fire hazard and when ignited burns with intense heat. Prevent 
water from contacting the material. Store and process only in buildings 
adequately vented at the highest point to prevent the accumulation of hy- 
drogen gas which results from the reaction of powdered metal and moisture. 
In'the presence of oxidizing agents powdered Mn is a dangerous fire and 
explosion hazard. Manganese powder is moderately explosive. 
Caution: to fight fire, use a special mixture of dry chemical or powdered 
talc, tfee nonsparking tools for repair and maintenance of buildings or 
equipment where manganese has been stored. 

Electrostatic Sensitivity : Minimum energy required far ignition of powder by 
electric sparks (millijoules) : y T0777% 

8 +0.90% 
Minimum explosive concentration of powdered Mn: 

125mg./l. 
Volume change accompanying phase transformations : 

ß-+ Y + 0.77% 
y-+ 8 + 0.90% 

Manganese is superficially oxidized on exposure to the air, The y phase 
(electrolytic Mn) is not attacked by water at ordinary temperatures. It is 
slightly attacked by steam. 

Use. in Pyrotechnics : as a fuel 

12,14,49 

51, 75 

26 

26 

37 

29 
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MANGANESE DIOXIDE, Mn02 

(Manganese Black, Pyrolusite, Black Oxide of Manganese, 1. ll,2fl 

rhombic or powder 
black or brownish-black 
(solid) 5.026 

Crystalline Form: 
Color : 
Density, g./ml. : 

Coefficient of Thermal Expansion :   
Heat of Formation,Kcal./mole at298°K : -124.5 

See Table a 
Free Energy of Formation, Kcal./mole at298°K:  -111.4 

See Table a 

HEAT AND FREE ENERGY OF FOR^ATION Mß8? &} 

1,9 

1.9 

K A H (cal./molc) A F° (cal./mole) 

2&}.'iö . . -124,450 (± 200) -111,350 ( + 250) 
iOO   ■ ■ ■ -124,400 -106,900 
liVV      . -124,250 -102,500 
600 -124,100 -98,200 
700   . . . -1 '23,900 -93,900 
800   ... -123,750 -89,600 
900   . . . -123,650 -85,350 

1OÜ0   .  . . -123,500 -81,100 

Fr<w Energy Equation 
Reacrton 

Mn (a) + O, (g) =MnOs (c) 
A Fa 

Range of Validity,°K 
'298.16-1000 

126,400-8.61T log T + .97 (10-»T2) + 1.555 (105T-1) +70.14T 

<-irt •opy, eai./deg./mole at 298°K: 
See Table b 

Melting Point: 

Heat of Fusion: 
bulling 'V>int: 
Transition Point: 
Heat cf Sublimation: 

12.7 

loses oxygen at 
1120°K (847°C) 

loses oxygen at 535° C 

1,9 

6,8 

1 
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Manganese Dioxide, MnO» (page 2) 

b. HEAT CONTENT AND ENTROPY OF MnO, (c) 
(Base, crystals at 298.15°K) 

7'°K 'HT - H298.1S 
cal./mole 

ST _Sj»8.15 
cal./deg. 

mole 

T,°K 
cal./mole 

ST- 0298.1.' 
cal./deg. 

mole 

400 
500 
oOO 

1445 
3020 
4685 

4.16 
7.67 

10.70 

700 
800 

6415 
8185 

13.36 
15.73 

MnOj (c) : 
Enthalpy :HT-H298,15 =16.60T + 1.22X lOT2 +3.88X 108T * -6359 

(0.1 percent ;298-800°K) 
Heat Capacity :CP= 16.60 + 2.44 X 10"ST -3.88X 105T2 

Heat Capacity, cal./deg./mole : (solid) 12.91 
Decomposition Temperature, °K : 1120 

For DTA see Ref. 33 
Decomposition Products : Loses O when heated; the temperature of decomposi- 

tion varying with the method of preparation from 530°C down to even 
200°C. The resulting products being successively Mn^Os, Mr^O«, and MnO. 
The reactions are reversible. 

Dissociation Pressure : 2 Mn02 —*■ Mn2Os (s) y% 02 (g) 

Press. acm. 0.030 0.164 0.263       0.209       1.36 1.000 
T, °K 855.1 721.1       751.1 803.1      809.1     1213.1 

X-Ray Crystallographic Data 

System 
tetragonal 

Hy^roseopicity : 
Öoiubüity Data: 

Space Group 
DiÜ 

In water, HN03 

a 
4.44 

c 
2.89 

Molecules/Unit Cell 
2 

cold H2S0<, acetone: 
insoluble 

In HG1 with evolution of Cl: soluble 
Health Hazard : Continued or prolonged inhalation or exposure to heavy con- 

centrations of MnO; dusts or fumes may cause chronic manganese poison- 
ing. The chief site of damage is the central nervous system. Although toxic 
when freshly formed, the dry crystals or powder are normally considered 
an eye irritant and toxic only in large quantities. In solution, manganese 
dioxide forms a strong base that may burn the skin, and is very irritating 
to the eyes. 
M.A.C. /ng./m.3 : 6 

Safety Classifications : 
OSM : Class I. Class 2 when not packed or stored in original shipping con- 

tainers or equivalent. 
iCC : oxidizingmaterial 
Coast Guard : hazardous material 

9 
8 

50V8 

42V7 

see also 91 

1 

12,50V5 

14 
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Manganese Dioxide, MnO» (page 3) 

Fire and Explosion Hazard: A strong oxidizcr and a lire hazard in the finely 

phites. 
Precautions When Handling Manganese Dioxide : 

Work carefully when handling bulk manganese dioxide to avoid excessive 
"dusting." Keep work areas clean, and wash hands frequently. Store away from 
readily oxidizable materials such as powdered metals, oils, acids, or organic 
solvents. 

A solution of one part vinegar to four parts water by volume is an effective 
neutralizer, and may be safely used in the eyes or on any part of the skin. Take 
a victim to a physician immediately for examination and further treatment. 
Electrostatic Sensitivity :   

29 

Use in Pyrotechnics: asanoxidizer 17 
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l-(2-METH0XYPHENYLAM> 5.2^ 4PHTHOL 
1^2-anisole-azo-betanaphthol, Sudan Red G, Brilliant Fat Scarlet R, 

C.I. 12150, C.I. Solvent Red I, C.I. Food Red 16) 

Rcfi 

48A 

OCH, 

Formula: CITHMN202 ON:N 
X 
o 

■8 
Specification No.: 

The spec, covers two grades differing 
80%) and granulation. 

Molecular Weight: 
Crystalline Form: 
Color: 
Density, g./ml, : 

Apparent Density (spec, grade I) 
Coefficient of Thermal Expansion : 
Heat of Formation: 
Free Energy of Formation: 
Entropy: 
Melting Point: 

Spec, grade II, min. 
Heat of Fusion: 
Boiling Point : 
Transition Point: 
Heat of Sublimation : 
Heat Content or Enthalpy 
Keat Capacity: 
Decomposition Temperature : 
Decomposition Products : 
Vapor Pressure : 
X-Kay Crystallographic Data: 
Kygroscopicity: 
Solubility Data: 

In water, alkalies: 
In benzene and cold alcohol: 
In aicohol: 
In CHCIs and benzene: 
in cone. H2SO,J: 

MIL-D-3179 

in purity (grade I, 90% ; grade II 

278.32 
needles 
shiny reddish-yellow 

min. 0.30, max. 0.70 

J8V16 

451°K (178°C) 
448°K (175°C) 

88V16 

48, 88V16 
insoluble 
difficult 
red solution on boiling 
fairly soluble 
soluble with violet-red 

color 
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l-(2-Methoxyphenylaxo)-2-Naplidiol (page 2) 

Health Ifezacd: toxicity unknown 92 
Spec, requires each container be conspicuously labeled, "Caution—Avoid 
Skin Contact. Use Adequate Ventilation." 

Safety Classifications: 
OSM: not listed 
ICC : not listed 

Fire and Explosion Hazard:   
Electrostatic Sensitivity:   
Use in Pyrotechnics: to color smoke 

mixtures: red 
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I-METHYLAMIN0ANTHRAQU1N0NE 

(1-N-methylaminoanthraquinone. Celliton Pink R, Duranol Red CN, 
C.I. 60505, C.I. Disperse Red 9) 

Formula: C^HnNOa 

NHCH, 

GOD 
o 

Specification No.: MIL-D-3824 
Spec, covers two grades differing in granulation. 

Molecular Weight: 237.11 
Crystalline Form: needles  . 
Color : yellow-red 
Density, g./ml,: 

Apparent Density : (Spec) 0.35 ± 
Coefficient of Thermal Expansion : 
Heac of Formation: ■ 

Free Energy of Formation : 
Entropy: 
Melting Point: 443°K (170°C) 

Spec, grade II, min.: 442°K (169°C) 
Heat of Fusion: 
Boiiing Point: 
Heat of Vaporization, Kcal./mole at25°C and latm. : 28.4 ± 0.7 
Entropy of Vaporization, vapor at 1 atm., 

cal./mole/°C : 52.87 ± 0.30 
Heat of Sublimation: Kcal Jmole : 30.85 
Heat Content or Enthalpy : 
Heat Capacity: 
Decomposition Temperature : 

For TGA see Ref. 80 
Decomposition Products : 

Vapor Pressure: log(0P (cm Hg) — T+b 
a =- 6740 ;b = 13.435 ± 0.036 ;T=abs. temp. 

Energy of Activation for Volatilization (97% purity), 
Kcal./moleat297-376°C: 19.6 

X-Ray Crystallographic Data : 

Hygroscopicity : 

.15 

Refs. 
84, 48A 

88V14 
84 

84 

Addnl. Ref. 3 

Addnl. Ref. 1 
Addnl. Ref. 1 

Addnl. Ref. 1 

80 
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<.0002 
0.00055 

14.96g./l. 

l-Methylamikioonlhraquiiiione (page 2) 

Solubility Data: 
In water, g,/I00 ml. at 25«C: 

at 80°C : 
In alcohol (abs.) at 60°C : 

In CHGs, hot dil. HCl, glacial acetic acid: soluble 
In benzene: soluble, red 
In fuming H2SO<: soluble, light yellow 

Health Hazard : toxicity unknown 
Spec, requires each container be conspicuously iabeled, "Caution—Avoid 
Skin Contact or Breathing of Dust or Fumes. Use with Adequate Ventila- 
tion." 

Safety Classifications: 
OSM : not listed 
ICC : not listed 

Fire and Explosion Hazard:   
Electrostatic Sensitivity:   
Use in Pyrotechnics: to color smoke 

mixtures red 
Additional References: 

1) "Vapor Pressures of Some Dispersed Dyes," R. S. Bradley et al., Nature 
178, 998 (1956) 
"The Dyeing Phenomena of Acetate Artificial Silk,"V. Kartaschoff and 
G. Farine, Helv. Chim. Acta. 11,822 (1928) 
"A Radioactive Ionization Gauge and Its Appliestißn to the Measure- 
ment of Latent Heat of Vaporization," J. H, Benyon and G. R Nichol- 
son,.!. Sei. Instruments SS, 376 (1966) 
For Absorption Spectra see Ref. 66 
J. Soc. Dyers ColouristsW, 68-77  (1964) 

2) 

3) 

4) 
5) 

Addnl. Ref. & 

92, 88V14 Iy 
84 

92,93 
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MOLYBDENUM, Mi» Refs. 

Molecular Weight: 95.95 
Crystalline Form: cubic 1A 
Color: silvery-white metal, 

grey-black powder 1A    . 
Density : (solid) 10.22 

10.24 
9.01 

94 
66A 
31A 

Coefficient of Thermal Expansion, linear: 
Temp,°C Coeff. X10* 94. 
20-149 6.43 
20-482 5.19 
20-649 5.36 
20-982 5.80 
20-1316 6.28 
20-1593 6.65 

4.9 50V9 
L =L„ [1 + (5.0H + 0.00138t8) X lO^8] 

at 20° C : 4 X 10-« 31A 
See also Refs. 49A* (curve of temp. vs. coeff.), 66A, and Addnl. Rafs. 

Heat of Formation, Kcai./mble at 298°K : (g) -155.5 9, Addnl. 
Ref 1 

Free Energy of Formation, Kcal./mole at298°K :       (g)-144.2 9,318 
Entropy, eal./deg./mole at 298°K " (?) 43,462 

(c) 6.83 
9 
5, 9, 94, 97 

a. HEAT CONTENT AND ENTROPY OF Mo (c, 1) 4 
(Base,crystals at 298,15°K) 

T, °K                    HT - H298.15                 ST - Sjgg.is T,°K           H T — «208. IS ST-S2»8.18 

cal./mole cal/deg. 
mole 

za.\ ./mole cal./deg. 
mole 

400              595 1.71 1900  11,200 12.27 
bOO            1205 3.06 2000  12,040 12.70 
600                1825 4.20 2100  12,900 13.12 
700                2460 5.17p 2200  13,770 13.53 
800            3100 6.02 2300  14,670 13.92 
900   .....           3750 6.79 2400  15,580 14.31 

1000           4410 7.49 2500  16,510 14.69 
1100                5090 8.13 2600  17,460 15.06 
1200           5790 8.74 2700  18,420 15.42 
130U           6510 9.31 2800  19,400 15.70 
1400            7250 9.85 2890 (c)   ... 20,290 16.09 
1500                8000 10.38 2890 (1)   ... 26,940 18.39 
1600               8780 10.88 2900   . . ..  . 27,040 18.43 

.1700               9570 11.36 3000  28,040 18.77 
1800         10,380 11.82 

HT- 1*288.15 

Cp = 5.18 + 1.66 X10-8T 

Mo(c) : 
5.18T +0.83 X 10"3T2-1618 (0.5 percent; 298-2890°K) 
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Molybdenum, Mo (page 2) 

Mo (1) : 
HT-H2M.1B = iO.ÜOT- 1960(0.1 percent; 2890-3000^K) 

b. HEAT CONTENT AND ENTROPY OF Mo(g) 
(Base, ideal gas at 298.15°K) 

T,°K HT 
_ H2i)g.l5 

cal./mole 
ST- 0298.1(1 

cal./deg. 
mole 

T,°K HT - H-igg.io ST- Ö208.1B 

cal./mole cal./deg. 
mole 

5975 8.03 
6470 8.35 
6975 8.66 
7475 8.94 
7980 9.22 
8490 9.48 
9530 9.97 

10,600 10.44 
11,710 10.88 
12,880 11.31 
14,115 11.74 

400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
i400 

505 
1005 
1500 
1995 
2495 
2990 
3485 
3985 
4480 
4980 
5475 

1.46 
2.57 
3.48 
4.24 
4.91 
5.49 
6.01 
6.49 
6.92 
7.32 
7.69 

1500 
1600 
1700 
1800 
1900 
2000 
2200 
2400 
2600 
2800 
3000 

Mo (g): 
HT-H2w.i5-=4.97T -1482 (0.1 percent ;298-1800°K) 
HT-HaM.i»=^&.56T +0.40 X 10-3T2-230 (0.2percent ;1800-3000°K) 
CP =3.56 + 0.80 X 10"3T 
HT-H28a.16-=5.48T + 0.65X10-8T2-1692(± lpercent ;298-1800°K) 
C, = 5,48 + 1.30 X 10"3T 

Melting Point, °C: 
Heat of Fusion, cal./mole at 2890°K: 
Boiling Point, CC: 

Considerably higher values are also given. 
See Vapor Pressure 

Heat of Vaporization, Kcal./mole : 

Transition Point, °K: 
Heat of Transition, Kcal./mole : 
Heat of Sublimation, Kcal./mole at 298° K: 
Heat Content or Enthalpy, cal./mole at298°K 

See Tables a and b 
Heat Capacity, cal./deg./mole : 

See Tables a and b 

2620 ± 10 
6.6 ± 0.7 
4800 
4825 

128.42 
117.4 
121.0 rh 9.0 
2883 
5.8 
157.5 
(solid) 1092 

(solid) 5.61 (liquid) 10.00 
6.29 

(gas)  4.968 at 25° 

94 
24A, 94 

1A, 27, 31A 
97, 31A 
1A 
31A 

3fA 
94 
97 
1A 
1A 
5 
5 

31A 

5, 31A 
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Molybdenum, Mo (page 3) 

Decomposition Temperature: 

Decomposition Products : 
Vapor Pressure : 

oxidized to Mo03 at 
red heat 

Press, atm.    3.9 X 1010      1.7 X 10'5     8.6 X 10"4      1.8 X 10 *     1.0 

Temp. °C 1727 2610 3227 4727 5560 

logPmm. = -31.060T1- 0.2 log T 9.41 (bet. 298°K andM.P.) 
lmm. at3102°C 

See also Refs. 64V1 and 66A 
X-Ray Crystallographic Data : 

System Space Group a Molecules/Unit Cell 
3.1403 at 20° 
3.1468 at 25° 

cubic 

Hygroscopicity:   
Solubility Data : Not attacked by water, dilute acids, or coned. HC1, Practically 

insol, in alkali hydroxides or fused alkalies. Sol. in hot coned. HN03, hot 
coned H2S04, in fused KC103 orKNOs- 
Ref. 94 gives some corrosion data in several acids. 

Health Hazard : probably slight      * 
M.A.C.,mg./m.3: 15 

Safety Classifications: 
OSM: not listed 
ICC: not listed 

Fire and Explosion Hazard : moderate 
Dust may react explosively with air. Sub-200 mesh dust has little or no 
explosive hazard. In fighting fire use powdered graphite, dolomite, sodium 
chloride, etc., not water. 

Heat of Combustion, cal./g. : 1810 
Electrostatic Sensitivity :   
Use in Pyrotechnics : asafuel 

Additional References: 
1) "Molybdenum," L. Northcott, Academic Press, Inc., New York  (1956) 
2) Ref. 49A 
3) Ref. 64V1 

29 

94 

97 
12 

Addnl. Ref. 1 
49A 

29,1A 

12 
12 

12,96 

49A 
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MOLYBDENUM TRIOXIDE, Mo03 
(Molybdic Anhydride, Molybdite) 

Percent Oxygen: 
Specification No. : 
Molecular Weight: 
Crystalline Form : 
Color: 

Density, g./ml.: 

Coefficient of Thermal Expansion, cubic: 

Heat of Formation, Kcal./mole at298°K : 

Free Energy of Formation, Kcal./mole at 298°K 

33.34 
not listed 
143.95 
rhombic 
white t o yellowish or 

colorless 
(solid) 4.50atl9.5°C 

4.692 at 21°C 
21-78°C      7 X lO"5 

78-195°C    5X10-5 

195-273°C    3 X lO'5 

(C)-180.33 
-178,2 ± 1.5 

(c)-161.95 

a. HEAT 'AND FREE ENERGY OF FORMATION OF Mo03 (c, 1) 

Refs. 

1A 
1A 

1A 
29 
44853 

1A, 9 
97 
1A, 9 

T,-K AH (cal./mole) A F° (cal./mole) 

298.16 .... -180,300 (±1500) -162,000 <± 1 
40Ö   ..... -180,100 -155,700 
500   ...... -179,700 -149,600 
60Ö  -179,200 -143,700 
700   ..... -178,700 -137,800 
800   ..... -178,200 -132,000 
900  -177,600 -126,200 

1000   ..... -177,000 -120,600 
1068  -176,600 -116,700 
1068   ..... -164,600 -116,700 
1100   ..... -164,200 -115,200 
1200     -163,000 -110,800 
1300  -161,800 -106,500 
1400  -160,600 -102,300 
1500  -159,500 -98,200 

Free Energy Equations: 
Reaction                                                        Range of Validity, °K 

1)  Mo (c'j 4- 3/2 O, (g) — MoOj (c)                            298.16-1068 
A F% — -182,650-8.86T log T-1.55 X 10-»T»+ 1.54 x lO'T1 +90.07T 

2 

2)  Mo (c) -r 3/2 Oo (g) = Mo03 (11                             1068-1500 
ä t>~-179,770 -36.341: logT + 1.40 X 10"3T2 -0.30 X 105T-J +167.61T 

Entropy, eai./deg./moie at 298°K :                              18.68 1A, 9 
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Molybdenum Trioxide, MoOg (page 2) 

b. HEAT CONTENT AND ENTROPY OF Mo03 (c, 1) 
T,°K HT - H2. 

cal./mole 
U8. IB &T — »J248.15 

cal./deg. 
mole 

T °K HT - H2UH.15 

cal./mole 
ÖT — Ö20rf.I 

cal./de&. 
mole 

400 
500 
600 
700 
800 
900 

1000 

1935 
4035 
6260 
8570 

10,940 
13,390 
15,920 

5.56 
10.24 
14.30 
17.86 
21.02 
23.91 
26.57 

1068 (c) 
1068 (1) 
1100 
1200 
1300 
1400 
1500 

17,670 
30,170 
31,200 
34,400 
37,600 
40,800 
44,000 

28.26 
39.96 
40.9/ 
43.70 
46.26 
48.63 
50.84 

Mo08(c): 
HT-H2M.,5 = 20.7ST + 2.59X 10*T2 +4.18 X lOT1 -7813 (0.1 percent ;298-1068°fO 
Cp =-. 20.73 + 5.18 X 10ST -4.18 X lOT2 

MoOs (1) : 
H.f - Hsw.„ == 32.00T -4000 (0.1 percent ;1068-1500°K) 
Melting Point, °C: 

nne mass. 
Heat of Fusion, Kcal./mole : 

Boiling Point, °K: 
The following values are also given : 

Heat of Vaporization, Kcal./mole : 
Temperature of Sublimation, °K : 

Heat CK'Sublimation,Kcal./mole at691°C 

Heat Content or Enthalpy: 
See Table b 

Heat Capacity, cal./deg./mole : 
See Table b 

Decomposition Temperature: 
For DTA see Kef. 33 

Decomposition Products : 

795 
797 

PA, 24A 
Addnl. Ref. 2 

a yellowish-white crystal- 

11.91 
12.54 

2 
6 

1530 ±50 6,8 

1100°C 
1428°K 

24A 
41 

33 9,411 
(gas) 973 
volatile above 500°C 
sublimes about 700°C 

52 
94 

65 
68.1 

9, 41 
Addnl. Ref. 3 

(liquid) 32.0 2 

212 



Molybdenum Trioxide, M0O3 (page 3) 

Vapor Pressure: 

Press, mm.      .00s)    0.05   0.30    1.75    10.1   23.4    105.1   288.3    476.2    760 
Temp. °C 610     650    700    760    800     850     950     1050      1100    1155 

298°K to M. P.: log pmm. = -15,230 _ 4.02 log T + 27.16 
M.P. to B.P.: log p.„. = 12.480T"1 - 4.02 log T + 24.60 

X-Ray Crystallographic Data: 
System 
cubic 

Space Group Molecules/ Unit Cell 
4 3.14103 at 25° 

Hygroscopicity: 
Solubility Data: 

In water, g./100 ml. at 18°C: 
at 70°C : 

In acids, NH4OH, alkalies, sulfur: 
In acids after strong ignition: 

Health Hazard: 
L.D., g./kg.: 

Safety Classifications: 
OSM : 
ICC: 

Fire and Explosion Hazard:   
Electrostatic Sensitivity:   
use in Pyrotechnics: Product of the burning of Mo and sane of its compounds. 

Additional References: 
1  Ref. 1 
2) CA.58,20992 (1959) 
3) CA.48,13396 (1954) 

0.1066 
2.065 
soluble 
very slightly soluble 
probably slight 
400 

not listed 
not listed 

44S53 

24A 
24A 

18, 44S53 

1A 

29 
12 
29 
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NICKEL, Ni Refs. 

Specification No. : JAN-N-412A 
The standard A.S.T.M.  grade s of virgin nickel are : 

Electrolytic 99,5% Ni 
Xshot 98.9% Ni 16 
A shot 97.75% Ni 
Ingot 98.5% Ni 

Molecular Weight: 58.71 
Crystalline Form : cubic 1 
Color : silvery metal 1 
Density, g./ml. : (solid) 8.90 1 
Coefficient of Thermal Expansion, 16-250°C : 13.97X10-8 1 

Temperature °C Coeff. 
-19 to + 16 10.12X10-« 

40 12.79 X 10"e 

375-1000 13.46X10-« ft» 

25-100 12.9 X 10-« 
Heat of Formation, Kcal./mole at 298°K : (gas)   -101.26C ) 5 
Free Energy of Formation, Kcal./mole at298°K :        (gas)     -90.413 
Entropy, cal./deg./mole at 298°K (gas)       43.52 

(solid)       7.14 
5 
5 

See Tables a and b 
Melting Point: 1728°K (1455*C) 1 
Hriat of fusion, cal./mole : 4210 4, 5 
Boiiing Point: S110°K (2887°C) 5 
Heat of Vaporization, cal./mole : 88,870 5 
Transition Point: ato0at633°K (360°C) 4 
Heat of Transition, cal./mole : atoß, 0 4 
Heat of Sublimation, cal./mole at 298°K: 101,260 5 
Heat Content or Enthalpy, cal./mole : (solid)   1144 5 

(gas)    1631 
See Tables a and b 

a. HEAT CONTENT AND ENTROPY OF Ni (c, 1) 4 
(Base, crystals at 298.15°K) 

T,°K              Hr-HaM.,5 ST — S2DH.15 T,°K           HT 
— HooR.ir. S- r — SjflS. IS 

cal./mole cal./deg. cal./mole cal./deg. 
mole mole 

400            665 1.91 900  4445 8.03 
500          1380 3.51 1000  5210 8.84 
600           2180 4.96 1100  5985 9.58 
633 (a)  .   . .          2460 5.42 1200  6780 10.27 
633 (0)  . . .          2460 5.42 1300  7600 10.93 
700           2940 6.14 1400  8450 11.56 
830   .....         3690 7.14 1500  9320 12.16 
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Nirkrl, Ni (pnpp 2) 

■T, °K HT - H2(is.tft ST -Su98.it> T,°K HT - HaoK.in ST '    >92pH.1fi 
cal./mole cal./deg. 

mole 
cal ./mole cal./deg. 

mole 

1600   . . . 10,210 12.73 2200  19,910 18.0% 
1700   . .  . 11,110 13.28 2400  21,750 m 1725 (ß) . 11,330 13.40 2600     23,590 
1725 (1)   . 15,540 15.84 2800  25,430 20.30 
1800   . . . 16,230 16.24 3000  27,270 20.95 
2000   . . . 18,070 17.21 3200  29,110 21.52 

Ni (a) : 
Enthalpy : B T "H298.15 =4.06T + 3.52xl0-sTa -1523 (0.3 percent ;298-633CK) 
Heat Capaci ty:Cp=4.06 +7.04X 10'8T 

Ni (/?): 
Enthalpy :H T -H298.i5 = 6.00T + 0.90 X 10"8T= -1701 (0.2 percent; 633-1725°K) 
Heat Capaci ty :C, =6.00 + 1.80xlO-8T 

Ni (1) : 
Enthalpy :H T   H293.15 —9.20T -330 (0.1 percent ;1725-3200°K) 

b. HEAT CONTENT AND ENTROPY OF Ni (g) 4 
(Base, ideal gas at 298.15°K) 

T,°K HT - HMS.IB ST- S29S.15 •    T,°K HT — H2B8.15 ST - S28K.1S 

cal./mole cal./deg. 
mole 

cal./mole cal./deg. 
mole 

400 575 1.66 1900  9310 10.77 
500   ... 1150 2.94 2000  9865 11.05 
600   ... 1740 4.01 2200  10,970 11.58 
700   ... 2335 4.93 2400  12,065 12.06 
800   ... 5.73 2600  13,155 12.49 
900   ... 3525 6.43 2800  14,235 12.89 

1000   . . . .  .         4120 7.06 3000  15,310 13.26 
1100    . . . 4715 7.62 3500  17,985 14.09 
1200    . . . 5303 8.13 4000  20,665 14.80 
1300    . . . 5885 8.60 4500  23,370 15.44 
1400    . . . .  .         6465 9.03 5000  26,135 16.02 
1500    . . . 7040 9.43 6000  31,940 17.08 
1600   . . . 7615 9.80 7000  38,305 18.06 
1700   . . . 8185 10,14 8000  45,415 19.81 
1800   . . . 8750 10.46 

Ni(g) : 
Enthalpy :HT-H298.10 =5.99T +0.36 X 10ÄT-> - 1907 (0.3percent;298-1000°K) 

Heat Capacity : CP= 5.99 -0.36 X 106T2 ¥ 

Enthalpy :HT -H29(U5 = 6.07T -0.11 X 10-3T2-4120 (0.4percent ;1000-4500°K) 
Heat Capacity :C„= 6.07-0.22 X 10"3T 
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Nickel, Ni (page 3) 

Heat Capacity, cal./deg./mole at 298°K (solid) 6.23 
(liquid) 9.20 
(gas)      5.58 

c. HEAT CAPACITY OF Ni 
(Solid, 298-1728°K ; liquid, 1728-3000° K) 

T,°K c° (cal./deg./mole) 

298 
500 
800 

1200 
1600 
1700 
18003000 

6.23 
7.47 
7.44 
8.16 
8.88 
9.06 
9.20 

See equations above 
Decomposition Temperature :                                        
Decomposition Products :                                             _— 

Vapor Pressure: 

Press, mm.        1         10 '40 100 400 760 M.P. 

Temp. °C         1810     2057 2234 2364 2603 2732 1452 

c 
4.32 

Atoms/ 
Unit Cell 

2 
4 

X-Ray Crystallographic Data : 
System Space Group a 

(a) hexagonal ™h 2.66 
iß) cubic Oh 3.517 

Hygroscopicity: Nonhygroscopic. Not affected by water. 
Solubility Data : 

In water, fused alkalies or NH3 : insoluble 
In dilute HN03 :    • soluble 
In HC1 or H2S04: slightly soluble 

Health Hazard : Exposure to nickel may cause dermatitis (Nickel itch) in sensi- 
tive individuals. Ingestion of large amounts (even 1-3 mg./kg. of body 
weight) causes nausea, vomiting, diarrhea, depression of the central ner- 
vous system, and myocardial damage. Its health hazard is, however, con. 
sidered slight. 
M.A.C. ,mg./m.s: 0.5 

Safety Classifications : 
OSM: ^ class 2 
ICC :  Listed under "Explosives and Other Dangerous Materials." Classed 

as a flammable solid; red label. 

4,5 

5 

29 
1,29 

12,25,29 

25 
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Nickel, NL (page 4) 

Fire and Explosion Hazard : Ni dust is explosive and a dangerous fire hazard. 12,14, 49 
It has an ignition temperature above 700°C, and burns with intense heat. 
When compounded with oxidizing agents the powdered metal is a danger- 
ous fire and explosion hazard. It decomposes steam at red heat. The amount 
of powdered metal which may become involved in a fire should be strictly 
limited. Fires must not be fought with ordinary streams of water because 
of the danger of liberating large quantities of hydrogen gas. Fires involving 
small amounts of powdered Ni may be fought with fog nozzles or special 
extinguishing powders. 

In the repair or maintenance of buildings or equipment, powder or 
dust should be reduced and nonsparking tools used. Store and process only 
in rooms or buildings adequately ventilated at the highest point. 

Electrostatic Sensitivity: not ignited by electric 49 
sparks 

Use in Pyrotechnics: as a fuel 
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NITROCELLULOSE (12.6% N) 
(Cellulose Nitrate, Pyrocellulose, Pyro, Nitro Cellulose, Nitrocotton) 

Formula : [CeH^-xOs-xCONO^x],, 

Where x = no. of 0NOs groups and n = degree of polymerization. For 
12.6% N,x=2.45. 

Specification No. : JAN-N-244 
The spec, lists four grades of which Grade A, with 12.60 ± 0.10%   N, is 
used for pyrotechnics. 

Molecular Weight: Variable, approx. 0.42 to 0.78 X 10* or 272.3 n (calculated 
from formula) 

Form : Cotton-like fibrous solid or amorphous powder (when cut up or beaten). 
Color: white 
Density, g./ml. : (solid) about 1.66 
Coefficient of Thermal Expansion, linear: 9-16 X 10" 
Heat of Formation, cal./g. -617 
Free Energy of Formation :   
Entropy:   

Melting Point: Decomposes. In a vacuum melts at approx. 473°K (200°C) 
before exploding. 

Heat of Fusion:   
Boiling Point: decomposes 
Transition Point:   
Heat of Sublimation:   

Heat Content or Enthalpy :   
Heat Capacity:   
Decomposition Temperature: See Addnl, Refs. 1,2,3, 4 

For DTA see Ref. 33 
Decomposition Products : Depend on conditions of decomposition. 
Vapor Pressure : 

Press, mm. 0.0 0.0 
Temp. °C 25 60 

X-Ray Crystallographic Data 

System      Space Group     a b       c 
monoclinic 13.9    25.6    9.0 

Hygroscopicity, g. H2O/100 g. N.C. : 

or more roughly 14.6-N % nitrogen 
at30°and90.%R.H.% : 

for cellulosetrinitrate 
(x = 3) 

Molecules/ 
Axial A ngle       Unit Cell 

£ = 90° 
334.3-23.65 N 
—3111_N— (approx.) 

Refs. 

Addnl. Ref. 1 

Addnl. Rei. 1 
31 
13 

Addnl. Ref. 2 

13 

Addnl. Ref. 1 

Addnl. Ref. 1 

13 
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Nitrocelliiiose (12.6% N) (page 2) 

Solubility Data: Numerous substances dissolve«or more accurately disperse 
pyrocellulose. Among those are acetone, ethcr-aicohol  (2:1), fatty acid 
esters, nitro compounds, and organic nitrates. 
In water, ether, and benzene : insoluble 

Safety Classifications: 
OSM : Class 12 when wet with S-30% water. 
ICC: Listed under "Explosives and Other Dangerous Materials," as a 

high explosive when dry and as a flammable liquid when dispersed 
in a solvent; red label. 

Fire and Explosion Hazard : Dry nitrocellulose is extremely sensitive to shock 
and friction, and very dangerous when ignited, even in the open, or when 
heated with oxidizing agents. Dry nitrocellulose burns in an instantaneous 
flash. Wet nitrocellulose is less hazardous. Nitrocellulose when impure is 
subject to spontaneous ignition. Storage of dry nitrocellulose is not per- 
mitted as it has all the hazards of a sensitive and easily ignited high 
explosive. It is stored wet (25-30% water) in zinc-lined boxes or metal 
drums. Must contain not less than 20% moisture by weight when shipped, 
Caution : keep away from heat and open flame. 

Flash Point, closed cup, °F: 40 
Impact Sensitivity, 2 kg. wt. : 

Bur. of Mines Apparatus, cm. : 8 (10% point) 
Sample weighe, mg. : 3 (10% point) 
P.A. Apparatus, in. : 5 

Expiosion Temperature Test: 
5 second point 170°C with decomposition 

Electrostatic Sensitivity : Readily accumulates static charges when dry. 
Volatility at 60°C, micrograms/cm.Vhr. : 0 
Oxygen Balance to C02, % : -35 

eo CO,   % : 0.6 
Vacuum Stability Test, 5 g. sample 

Temp. °C 90 100 120 
cc. 40hrs. 0.17 1.0 
cc. 16hrs. 11.+ 

200 Gram Bomb Sand Test, 0.4 g. sample 
Grams sand crushed to pass a 30-mesh sieve: 45.0 

Sensitivity (initiator required for complete detonation) 
Lead aziü*i: 0.10 g. 

Neat of Combustion, cal./g. : 2409 
Heat of Explosion, cal./g. : 855 
Gas Volume on Explosion, cc./g,: 919 
Second Order Transition Temperature, °C : (approx.) 66 

(nitrogen content not mentioned) : 

Use in Pyrotechnics:  For coating compositions to reduce the penetration oi 
moisture, and as a bonding agent. 

Addnl. Ref. 1 

12,14 

12 
13 

13 
14 
13 

59 

20 
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Nitrocellulose   (12.6% N)   (page3) 

Additional References: • 
1) "Cellulose Nitrate," F. D. Miles, Oliver and Boyd, London and Edin- 

burgh. Interscience Publishers, Inc., New York* (1955) 
2) "The Spontaneous Ignition of Nitrocellulose,"E. K. Rideal and A. J. B. 

Robertson, Third Symposium on Combustion and Flame and Explosion 
Phenomena, The Williams & Wilkins Company, Baltimore (1949) 

3) "Cellulose and Cellulose Derivatives," E. Ott et al., Eds., Interscience 
Publishers, Inc., New York (1954-55) 

4) "The Kinetics of Thermal Decomposition of Nitrocellulose',' R. W. Phil- 
lips et al., J. Phy. Chem. 59,1034 (1955) 
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PARLON 
(Chlorinated Rubber, Tornesit, AUoprene, Parlon is trademarked 

by Hercules Powder Cb.) 
CH, 

Formula: Rubber chlorinated polyisoprene [- CHs - C = CH ~ CH2] x chlori- 
nated approximately 67 % Cl by weight. 
Chlorination of rubber results in a complete reaction. There is not only 
addition and substitution of chlorine but also cyclization along the polymer 
chains. The theoretical chlorine content for the completely chlorinated iso- 
prene unit, CsHeCU, is $8,5%. Parlon is marked in five viscosity types. 
Stabilized Parlon usually contains 1% of an epoxy compound as a stabilizer 
to improve resistance to heat, ultraviolet light and moisture. _ Sunlight 
causes discoloration and embrittlement in unpigmented, unstabilized films. 
Parlon is resistant to dampness, soaps, molds, and mildew. 

Molecular Weight: Variable (high) depending on viscosity. 
Crystalline Form: Coarse amorphous inelastic powder; poorly crystalliaed, 

granular powder. 
Color: vinrite (calorof film, 

water-white) 
Density, g./ml.: (solid) 1.66 (also given as 

1.64 and up) 
Coefficient of Thermal Expansion :                            12-13 X 10"" 
Heat of Formation:   
Free Energy or" Formation:   
Entropy:   

Melting Point, softeningpoint of film: 413°K (140°C) 
Heat of Fusion:  
Boiling Point: —— 
Transition Point:   
Heat of Sublimation:   

Heat Content or Enthalpy:   
Heat Capacity :   
Decomposition Temperature : 

Effect of dry heat on film (continuous exposure) stable up to 125°C, Appre> 
ciable decomposition at 135°C. 

Decomposition Products :   
Vapor Pressure :   
X-Ray Crystallographic Data:   
Hygroscopicity :Moisture contentasshippedislöss than 0.5%.  , 

Absorbs little moisture on storage. : 
Molscure absorption at 80% R.Hin 24 hr., % :     0.14 
Water vapor transfer of free film, g./lOO sq. in./mil. in 24 hr. at 95°F an< 
200%R.H.: 1.0 

Refs. 

>9 

Addnl. Ref. 1 

59, 60, Addnl. 
Refs. 1, 2 

69,Addnl. 
Kef. 1 

Addnl. Ref. 1 
60 

Addnl. Ref. 1 

Addnl. Ref. 1 

Addnl. Ref. 1 
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Parlon (page 2) 

Solubility Data : Soluble in CCl«, esters, aromatic hydrocarbons, and ketones. 
Unaffected by strong or weak acids or alkalies, salt spray, aliphatic alco- 
hols, and aliphatic hydrocarbons. Insoluble in acetone alone, 

Health Hazard: nontoxic 
Safety Classifications: 

OSM: not listed 
ICC: not listed 

Fire and Explosion Hazard : Nonflammable. Will ignite in the flame of a bunsen 
burner, but the flame is selfextinguishing. On burning, it melts, gives off 
bubbles of gas and chars. 

Electrostatic Sensitivity :   
Use in Pyrotechnics: As a color intensifier and binder. Used in rapid drying 

paints. 

Additional References : 
1) "Parlon, Properties and Uses," Hercules Powder Co., Inc., Wilmington, 

Del. (19^7) 
2) "Rubber, Polyisoprenes, and Allied Compounds. Part IV. The Relative 

Tendencies towards Substitutive and Additive Reaction during Chlori- 
nation," G. F. Bloomfield, J. Chem. Soc. 1 US, 289 

59, 60, Adanl. 
Ref. 1   . 

59,60 

59, 60, Addnl. 
Ref. 1 
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PHOSPHORUS, P4 (yellow),  P (red) Refs. 

Specification No. : yellow, P* 
stabilized red, P 

JAN-P-211 
JÄN-P-670 

The spec, covers two grades, A and B, which differ in purity and granu- 
lation. 

Molecular Weight: (yeliow.P,) 123.90 
" (rcd.P) 30.974 

Crystalline Form and Colon-: The yellow or white is cubic in form; the red or 
reddish brown, cubic or triclinic in form ;the violet, monoclinic. 
Phosphorus occurs in four allotropic forms: yellow or white, red, black, 
and violet. Yellow (white) phosphorus varies in color from almost colorless 
to pale yellow. It is a waxlike solid which phosphoresces in the dark with 
a greenish light and gives off white fumes. It ignites spontaneously in air. 
Phosphorus is produced directly from phosphate rock in the electric fur- 
nace. When distilled at 290°C, the red modification yields white phosphorus. 
At 600-800°K, liquid white phosphorus is rapidly converted to red phos- 
phorus ; at 704-3000°K, the gas is mainly in the diatomic form ;below 704° 
it is in the tetratomic form. Black phosphorus resembles graphite in tex- 
ture. It i3 produced from white phosphorus under nigh pressure. Phos- 
phorus, Ked, Spec. No. 51 P, 37, and Phosphorus, Red, stabilized, Spec. 
JAN-P-670 are the two types of red phosphorus used in pyrotechnics com- 
positions. Red phosphorus is a reddish-brown powder. Stabilized red phos- 
phorus is less sensitive and hence slightly less of a fire hazard. 

Density, .j./ml.: 

Coefficient of Thermal Expansion, linear, 0-44°C 
Heat of Formation, Kcal./mole at 298°K: 
Free Energy of Formation, Kcal./mole at298°K : 

Entropy, cal./deg./mole at 298°K : 

Se? Tables a to e 
Melting Point : 

Heat of Fusion, cal./mole : 
Boilinu Point : 

(solid) yellow, 1.82 
red, 2.20 

black, 2.70 
124X10-8 

(gas) 75.18 
(gas) 66.71 
white (c) 0.000 

red (c)-4.4 
black (o) -10.3 
white (c) 10.6 
red (c)    5.46 

white <-a;317.4°K 
(44.3°C) 

red, 870°K (597°C) 
white, 150 
white, 554°K (218°C) 
red, 280°K (7°C) 

(ignites in air) 

4,5 

1,5 
1,5,16,29, 
Addnl. Ref. 1 

1 
9 
9 

1,5 
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Phosphorus, P4 (yellow), P (red) (pag< fc.il> 

Transition Points and Heats of Transition 

Form Temp, of Transition Heat of Transition 

Initial            Final °K Kcal./mole 

c, IV             c, III 
c, III             c II 
c|H              c,I 

*  30.31 
49.44 
88.12 

0.0197 
0.186 
0.116 

I =black, II =red, III and IV =white 
(/?-white transforms to a-white at-76.9°C) 

Heat of Sublimation, cal./mole at 298°K : (white to P« gas) 14,100 
(red to P* gas)    30,820 

(Ps gas) 42,725 
(P gas) 79,800 

a. HEAT CONTENT AND ENTROPY OF P (red) 
(Base, crystals at 298.15°K) 

Addnl. Ref. 2 
5 

T,°K HT - H298,15 

cal./mole 
ST - S298.ll 

cal./deg, 
mole 

T,°K 
cal./mole 

ST — S208.1S 

cal./deg. 
mole 

400    ... 620 1.79 700   ... 2690 5.62 
500   , .   . 1270 3.24 800   ... 3440 6.62 
60Ö   , . . 1970 4.51 

b. HEAT CONTENT AND ENTROPY OF P< (white, 1) 
(Base, crystals at 298.15°K) 

T, °K HT - H298,15 ST — 0298.15 T,°K HT -H29815 ST 
— 0298.15 

cal./mole cal./deg. 
mole 

cal./mole cal./deg. 
mole 

317.4 (c)   . 434 1.41 370 2270 6.90 
317.4 (!)   . 1034 3.30 400   . . . . 2975 8.74 
350   .... 1800 5.60 

P4 (white) : 
Enthalpy :HT-H298.15 =22.501'-6708 (0.1 percent ;29&-317.4°K) 
Heat Capacity : Cp =22.50 ;A H317.4 (fusion) = 600 

P* (1) : 
Enthalpy :HT-H298.1S=23.50T-6425 (O.lpercent ;314.7-400°K) 
Heat Capacity : Cp =23.50 
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Phosphorus, P< (yellow), P (red) (page 3) 

c. MEAT CONTENT AND ENTROPY OF P (g) 4 
(Base, ideal gas at 298.15°K) 

T,°K Ü-T — 1*298  in ST — 0298.1» T, °K Hi —HJBR.15 OT ~ ^>I!IIH. iri 

cal./mole cal./deg. 
mole 

cal./mole cal./deg. 
mole 

400     505 1.46 1900 7975 9.21 
500   .... 1005 2.67 2000   . . . . 8480 9.47 
600  1500 3.48 2200   . , . 9500 9.96 
700  1995 4.24 2400 10,535 10.41 
800  2495 4.90 2600   . . . 11,590 10.83 
900  2990 5.49 2800 12,670 1123 

1000      3490 6.01 3000   , . . 13,780 11.61 
1100   .... 3985 6.49 3500   , . . 16,685 12.51 
1200   .... 4480 6.92 4000   . . . 19,790 13.34 
1300   .... 4980 7.32 4500   . . . 23,070 14.11 

5445 7.69 5000   . . . 26,495 14.83 
150U 5975 8.03 6000   . . , 33,605 16.13 
1600 6470 8.35 7000   . . . 40,825 17.24 
1700   . . . . . 6970 8.65 8000   . . . 47,980 18.20 
1800 7475 8.94 

P(g): 
Enthalpy: HT - H2»8.i5= 4.97T - 1.482 (0.1 perc ,ent ; 298-2000°K) 

d. HEAT CONTENT AND ESI FROPY OF P2 (g) 4 
(Base, ideal gas at 298.15°K) 

T,°K HT -H298.15 ST — Sjos. 15 T,°K HT - 1*298.15 ST 
— 0298.15 

cal./mole cal./deg, 
mole 

cal./mole cal./deg. 
mole 

400   . . . . . 800 2.31 1000   . . . 5910 10.06 
500   . . . . . 1620 4.14 1200   . . . 7660 11.65 
600   , , . . . 2450 5.65 1400   . . . 9430 13.02 

6.96 
8.11 

P2 (g) : 
Enthalpy: HT - HM8.iB = 8.31T + 0.23 X 10"3T2 + 0.72 X lO'T"1 - 2740 

(0.4 percent; 298-2000°K) 
Heat Capacity: Cp = 8.31 + 0.46 X 103T - 0.72 X 105T"2 
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Phosphorus, P., (yellow), P („-ed'i  iy**,.' 

Enthalpy : HT - H293, u 
P«<*>: 

= 18.93T +0.43 X 10-*T» +2.81 X 10sT"1-6625 
(0.2percent;298-1500°K) 

Heat Capacity iC, = 18.93 +0.86 X 10-JT-2.81 X 108T* 
Heat Capacity, cal./deg./mole at 298°K : (gas) 4.96 

See tables above 
Vapor Pressure: 

X-Ray Crystallographic Data: 
System 

red,Mack .(rhomb i 
Space Group b 

4.38 
c 

10.50 

Unit Cell 
Molecules/ 

T,°K HT ~ ±1288.15 ST — SüM.Iü T,°K HT - «298.13 ST- S20.1.15 

cal/mole cal./deg, 
mole 

cal./mole cal./deg, 
mo!o 

400 1710 4.93 1300 18,900 27.21 
500   .... 3500 8.92 1400 20,860 28.67 
600 5360 12.31 1500 22,830 30.03 
700    .... 7240 15.21' 1600 24,800 31.30 
800 9150 17.76 1700 26,770 32.50 
900   . . . . 11,080 20.03 1800 28,740 33.62 

1000    . . . . 13,020 22.07 1900 30,720 34.69 
1100 14,980 23.94 2000   . . . . 32,690 35.70 
1200   . . . . 16,940 25.65 

Press, mm. 1 10 40 100 400 760 M.P. 

Temp°C (yellow) 76.6 128.0 166.7 197.3 251.0 280.1 44.1 
(black) 290 338 371 393 432 453 
(violet) 237 287 323 349 391 417 590 

a 

fy'elföwf Äf$t36oC) V" 7.17 16 (4P.) 
(Crystalline and amorphous black and red Pgive similar X-ray patterns) 

Hygroscopicity, Red P at 70°F and 216 hr. exposure: 

R.H. 50 76 90 
Gain in wt.. % 2.04 5.0 11.06 

Solubility Data : 
Yellow or White 

HjO: 0.0003 g./ml. at 15°C 
slight in hot 

Alcohol :0.3g./100 ml. 
CS;880g./100ml. at 10CC 

Red 
very slight 
insol. in hot water 
slight in abs. ale. 
insol. in CSa, ether, NHS 

33 

1,29 
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Phosphorus, IP, t, yeilov.), 1' ^red) (page 5) 

Beiuene : 1 g. m o5 ml. 
0"iiC;s: I g./ tv ml. 
K/i\\eon: 1 g./80ml. 
Oil of Tin pentine : lg./60 ml. 
SI. sol. in NH3, alkalies, ether 

Health Hazard: Yellow phosphorus is poisonous even when ingested in small 
amounts. An approximate fatal dose is 50 mg. Phosphorus fumes are also 
very poisonous. External contact may cause severe burns. Long continued 
absorption can cause necrosis of the j aw bone and chronic poisoning. Phos- 
phorus is especially dangerous to the eyes. 
M.A.C. (yeliow phosphorus), mg./m.3: 0.1 
Ked phosphorus is poisonous on inhalation or ingestion but slower acting 
than yellow phosphorus. It should never be allowed to come in contact with 
the eyes. 
Phosphorus poisoning is detectable in the urine. 

Safety Classifications : 
OSM : Class not specified. As afire hazard it should be listed in class 1. 
ICC :   Flammable solid ;yellow label. 
U.N.    Phosphorus, white or yellow, dry, or under water, or in solution is 

classified as an inflammable solid, liable to spontaneous combustion. 
Fire and Explosion Hazard : On exposure to air white phosphorus (WP) bursts 

into flame and is thus a serious fire hazard. Containers or ammunition con- 
taining WP should be kept below its M.P. or 44.1°C, as pressure may rup- 
ture the container. Phosphorus is preferably stored under water in sealed 
metal vessels enclosed in wooden boxes or metal drums, WP is dangerous 
when heated with oxidizing agents, as it emits highly toxic fumes of oxides 
of phosphorus. Use water to fight fire. Red phosphorus, while less reactive 
than yellow phosphorus, is a dangerous fire hazard. It is easily ignited by 
spark or friction and is dangerous when in contact with organic materials 
or oxidizers. it can ignite spontaneously in air. It emits highly toxic fumes 
when heated. 

Autoignition Temperature, in air, °F : (yellow) 86 
(red, amor.) $00 

Use in Pyrotechnics : As a fuel, in incendiary and smoke compositions. 

12,29 

14 
12,93 

12 

12,14 

75,29 
67,71 

Additional References : 
1) "'Two New Modifications of Phosphorus," P. W. Bridgman, J. Am. 

Cham. Soc. 36,1334 (1S14) 

2) "Phosphorus and Its Compounds," Vol. I, J. R. Van Wazer, Interscience 
Publishers, Inc., New York (1958) 
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PLURO^?r r .;< 
Following information comes from the Wyandotte Chemicals Corporation, 

Wyandotte, Michigan, manufacturers of Pluronic F ti&. 
Pluronic F 68 is a block-polymer prepared by adding-propylene oxide to 

the two hydroxyl groups of a propylene glycol nucleus. The resulting hydro- 
phobic base can be made to any desired length, varying from 800 to many 
thousands in molecular weight. By adding ethylene oxide to this hydrophobic 
base, it is possible to put polyoxyethylcne hydrophilic groups on the end of the 
molecule These hydrophilic groups can be controlled in length to constitute 
anywhere from 10 to 90% of the final molecule. The simplified structure can be 
represented asHO(CH2-CH5-0).(CH2-CH2O)b (CH,»CHtO).H. 

k 3H, 
Pluronic F 68 is a flake with a hydrophobic base molecular weight of 

approximately 1750; 80% of the molecule, by weight, consists of hydrophilic 
polyoxyethylene groups and the remaining 20%, hydrophobic polyoxypropylene 
groups. The totalmolecular weight of F 68 =^1250 = 8750. 

.20 
pH of 2.5% aqueous solution: 7 
Cloud Point: 

of aqueous solutions in concentrations up to 60.0% : 
>100°C 

•   at ,'G •■';$> concentration: semi-solid 
of 10% aqueous solutions at pH 2 and 10 
„A 4K NaOH: > 100°C 
■vO % concentration : semi-solid 
20% concentration : 26.5° C 
i0v)% concentration : 38.5°C 
i% concentration : 47°C 

Solubility in Organic Solvents at 25°C in g./100 ml. solvent: 
Samples of 0.1, 1.0, 5.0, and 10.0 g, were dissolved in 100 ml. of solvent 

und ooserved after 30 min. for any phase separations, turbidity, etc. 
Ethyl alcohol (95%) : > 10.0 
Toluene: 5.0 
Verchlorethylene: insol. 
Kerosene: insol. 
Etnyiene glycol: insol. 
\ , gotabie oil: insol. 
IviiT.cral oil: insol. 

Surface Tension at 2-">°C, dynes/cm.: 
l.O'c   solution 41.9 
0.1%   solution 45.6 
O.Ci.% solution 49.9 
0.i)0i% solution 53.3 

Using a DuNuoy Ter.siometer, samples are in aqueous solutions at the specified 
concentrations. 

Concentration Rer uire.i for a 25 sec. Draves Sink Time: 
At .iotn 25 ' ar;fi 50°C, the maximum concentration evaluated was 5 g./l. At 
Cms "jonceinn-.uoi, the Kink time was 300 seconds. 

Vse :n r\ rocc-chm:-*: A surface acting agent used as a detergent, emulsifier, and 
wotti'ng agent. 
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POLYCHLOROTRIFLLOROETHYLENE Refs. 
(Kel-F Brand Oils and Waxen) 

KEE-F oils and waxes are low molecular weight polymers of chlorotriflu-     All data from 
oroethylene (CF2 — CFC1) which constitute a homologous series of compounds        Addnl. 
composed of chlorotrifluoroethylene   repeating  units  and terminal  chlorine Ref. 1 
atoms. This series is referred to as "whole telomer." KEL-F oils and waxes are 
made by Minnesota Mining and Manufacturing Co. 
Formula: C1-(CF2-CFC1)XC1 
Specification No. : MIL-M-55028A 
Molecular Weight: From 303 for the lowest boiling (dimeric) component of 

#1 oil to 5-10,000 for the highest melting ingredients of #200 wax. 
Coior: All KELF oils and waxes are colorless and odorless. In the liquid state 

all products are clear and free from sediment. At room temperature the oils 
are transparent, and the waxes take on a translucent or opaque white 
appearance. 

Specific Gravity : KEEF oils'are comparatively dense, with values approaching 
twice the density of water. The waxes are generally greater than twice the 
density of water at temperatures less than 25°C. Specific gravity depends 
less markedly on temperature than does viscosity. 

Vapor Pressure: Because of their low heats of vaporization and weak inter- 
molecular forces, the oils and waxes are characterized by relatively high 
vapor pressures. Values can be calculated by means of the vapor pressure 
constants ana equation in the table of typical properties. (See below). 

Soiubility: The oils and waxes ate soluble in aromatic, aliphatic, and chlorinated 
hydrocarbons, alcohols, ketones, esters and fluorocarbons ; and insoluble in 
water and mineral acids. The degree of solubility varies widely with molecu- 
lar weight; the waxes are less soluble than the oils. 

Viscosity: KELF oils are available in three viscosity grades (1,3, 10 centi- 
stokcs at 210°F). #40*wax, by virtue of its low melting point, can also be 
considered as an extra-heavy oil (viscosity = 40 cs. at 210°F), Viscosities 
of haioftuorocarbon liquids depend markedly on temperature. 

TYPICAL PROPERTIES OF STANDARD KELF OILS AND WAXES 

Grade Designation 

Molecular Weight 
Clarity (R.T.) 
Refractive Index, nr, 

7'70F 

160°F 
Viscosity, centipoises 

10(PF 
210°F 
266 ?F 

Viscosicv, centipoises 
100'-F 
2iO°F 

2 3 10 uo 10-200 200 
500 
clear 

630 
clear 

780 
clear 

940 
opaque opaque opaque 

1.400 1.405 1.410 
1.398 1.401 

— 

2 
0.8 

25 
3 

220 
10 40 55 

145 

3.6 47 
5 

425 
18 75 105 

— 
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PolUi'hlior«>idJ'iuon»<-ihyU'n<" (pag<* 2) 

i.'radi  Pesiiinution 
/ ,-? in M>         1 0-200 

Viscosity, Temp. Coeff-1 0.67 0.88 0.96 — — 
Pour Point,   F <-70 -45 f30 +90 — 
Melting Point, ASTM, D-127PF — — — 100 150 
Specific Gravity. 

68UF/39UF 1.84 1.93 1.96 — 2.02 
toO-F/39°F 1.81 1.90 1.93 — 1.99 
160°F/39°F — 1.85 1.88 1.92 1.94 

\ apor Pressure Constants2 

A 7.4991 8.4976 9.0503 10.2123 9.6116 
B 2351 3161 3743 4863 4313 

Heat of Vaporization 
cal./g. 21 23 22 23 — 
Kcal./mole 10.7 14.5 17.1 22 — 

Surface Tension, dynes/cm. 23 28 30 — —- 
Specific Heat, cal./g. — — 0.22 — — 
Tliermal Conductivity 

BTIJ/hr./ft.2/°F/ft. — — 0.080 0.110 ..— 
Hea: of Formation, cal./g.3 -1200 -1200 -1200 -1200 -1200 

200 

200 

2.11 

-120«- 

1 V.T. Coeff. = 1-Vis at 210°F/Vis at 100°F 
- iogP (mm. Hg) ^A-B/T°K 
3 calculated 

Dielectric Properties: The oils and waxes have very good electrical properties. 
The dieiectric strength of KEL-F oil (0.100 in. gap) is 500 volts/mil. The 
volume resistivity is in excess of 10u ohm-cm. 

Corrosivity: The oils and waxes are noncorrosive, in themselves, towards 
metals. Storage in nickel, monel, mild steel, stainless steel, and even alu- 
minum oifcrs no problems under ambient conditions. However, the oils are 
not rust-inhibiting, and therefore moisture should be excluded from con- 
tainers. 

Chemical Stability: KEL-F oils and waxes are extremely stable.against the at- 
tack of strong acids, alkalies, and oxidants. No reaction has been observed 
with permanganate, chromic acid, fuming nitric acid, or hydrogen per- 
oxirie. The oils ar> not attacked by C1F, at. 300°F, concentrated ILSCv» at 
400 F, or concentrated aqueous alkali at the boiling point. Oxygen and 
o^L'-i'.-> do not react :ippr<--eiablv with KEL-F oils; indeed there is evidence 
thai fiic oils a;e even in >re chemically stable in the presence of oxygen. 
Und,:-- stringent oxidi/mg conditions (2000 psig. Q., at 300°F for 8 hr.) 
tests have shown no change in KEL-F oil alone or in contact with a variety 
of metals. Nor is t! ,,:v:. t.\ etfect on the metals themselves, including copper. 
dndiov. ■ Softer nwtah .■•'<')> ur ahcrnrMuii and magnesium may react vigor- 
on sly v\rh KEL-F nih ,->»'!r>- covtlitiovs of hUjh shear, where fine particles 
ot fresh ;/>eta! arc r.rpf>-r ■■ 

Health. Fia7-ird: The 0:1s an 1 waxes are substantially nontoxic and physiologi- 
cally inert. However, tlu-rmal decomposition products at extremely elevated 
looi'v IT" ores (60<< F> are toxir and adequate ventilation under these con- 
• ii. .«'us :s sirongic rccrjrinieiiiiei! 
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Poiyrllilorutrifltioroetlivlene (page 3) 

Fire and Explosion Hazard : Because of their high fluorine and chlorine ~ m 
tent, the KEL-F oils and waxes do not support combustion—that is, they 
are selfextinguishing once the igniting source is removed. 

Infrared Transmission : As halofluorocarbons arc substantially free of hydro- 
gen, the KEL-F oils and waxes are transparent in the 2-4 micron infrared 
region, where most organic liquids are strongly absorbing. 

Use in Pyrotechnics : Oxidizing agent in pyrotechnic compositions. 

Additional References: 
1)  "KEPF Brand Halofluorocarbon Oils, Waxes, Greases and Alkanes," 
Minnesota Mining and Manufacturing Company (1958) 
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POLYTETRAFLliOROE 'illYLENE 
(Teflon, Fluon, Fluoroflex, Polyletrafluoroethylene Resin) 

Teflon is a thermoplastic, homopolymer composed of long chains of -CF? - 
units, Its useful temperature range is-75° to +250°C. It cannot be molded, but 
at 205°C it can be extruded. It is not wetted or affected by water neither does 
it stick to anything. Teflon is the term used in the U.S. and Fiuon in Great 
Britain. 

Formula -c-c 
I     I 
F     F 

Where n is unknown (see Molecular Weight). 

Specification No. : PA-PD-614 
Covers one type of general purpose molding or extruding material and the 
quality of the final molded or extruded parts. The applicable A.S.T.M. 
Specifications and Test Methods are D1457, D257, D150, D638, D785, D256, 
D792, D648, D696, D543, D542. 

Molecular Weight: Unknown ; estimated at 500,000 or more and possibly many 
millions. 

Form and Color : Colorlessto grey powder, flakes, orgrains. Transparent in thin 
sheet. Teflon is highly crystalline with no appreciable cross linking. A 
degree of crystallinity of 93-97% has been calculated for the polymer with 
3 density of 2.296. Teflon is available as film, laminations, powder (pellets 
or granules;, rods or tubes (extruded), or sheets. It is fabricated by ex- 
trusion, hoe forming or drawing, compression molding, and injection 
molding. 

Density, g./ml.: (solid) 2.1 -2.3 
Coefficient of Thermal Expansion, linear : 5.5 X 10"* 

Below 15° and above 25° C the cubical coefficients of expansion are roughly 
ox the same order, 3x10-" cc./cc./°C, but at about 20°C there is a 1% 
increase in volume, presumably due to a change in crystal structure. 

Heat of Formation, Kcal./monomole at 298°K : 
(estimated for particular sample used) -193:5 

-199. 

Free Energy of Formation:   
Entropy, Enthalpy, and Heat Capacity: 

Form Temp. Entropy Enthalpy Heat Capacity* 
°C abs.j. "K-'g"1 abs.j.g"1 abs.j. °K-'g-' 

powder 280 1.005 140.5 1.036 
310 1.134 178.6 0.9959 

molded 280 1.019 144.6 1.012 Addnl. Ref. 
310 1.137 179.3 1.021 11 

annealed 280 1.011 142.9 0.9761 
310 1.135 179.4 1.023 

'Experimental data show that the heat capacity of a Teflon sample varies 
with its mechanical and thermal history. 

Refs 

29,60 

29 

40,68 

68,1 

1 
1,10, 
Auunl. 

Ref. 12 
Addnl. 

Ref. 10 

Addnl. 
Ref. 7 

Addnl. Refs 
14,15 
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Polytefrafiuoroethylene (page 2) 

Melting Point: (softening) 600°K 
(327 ± 5°C) 

above 673°K (400°C) 

-47 

Heat of Fusion: 
Boiling Point: 

Teflon begins to evaporate without melting. 
Heat of Polymerization, Kcal./mole of monomer : 
Transition Point and Phase Changes: 

Teflon crystallizes in two forms. A first order phase change occurs at about 
292°K (19°C) and melts at 600°K (327°C). A second order transition, in- 
volving the crystalline phase, occurs at about 303°K (30°C). This is not 
related to the glass transition which has not been located in this polymer, 
but it must be below 173°K (-100°C) as the polymer is still flexible at this 
temperature. 

Heat of Sublimation :   

COMPARISON OF THE ENTHALPY AND ENTROPY CHANGE 
IN THE INTERVAL 280-310°K 

Sample and run AH 
Teflon powder : 

Run 4-   
Run 6 ,  

abs.j .g-1 

38.02 
Miftd 

Molded Teflon: 

Run 3  - -...  
Run 4 ..„ „   

Annealed Teflon : 
Run 2  _  

_„   _         34.68 
„          34.75 

          36.42 
Run 4  -            36.53 

Quenched Teflon: 
Run 2            35.49 

AS 
abs.j oR^g1 

0.1293 
0.1294 

0.1177 
0.1180 

0.1236 
0.1240 

0.1205 

0.28 
, =0.2227 +2.50 X 10"*t ("C) 
= 0.2227 + 2.39 X 10"*t (°C) 

about400°C 

Specific Heat, cai./deg./g.: 
Above 40°C (powdered) : 

(drawn) 
Decomposition Temperature: 
Decomposition  Products: 

Depolymerizes to the monomer. Above 750°F decomposition liberates F". 
The polymer decomposes at elevated temperatures. In a vacuum, the mon- 
omer is the chief product. At low temperatures (250-350°C) degradation 
seems to start at the chain ends, at higher temperatures random cleavage 
becomes more important. In air degradation is more complicated, giving off 
extremely toxic products. Teflon decomposes slowly above 525° F. 

Vapor Pressure at 25CC, mm.: 1 X 10"7 

in tne equation log pmm. — A-B/T, A =4.3, and B = 3400 over the range 
300-450rK. 

Spec, 68 

40 

Addnl. Ref. 
14 

68 

Addnl. Ref. 3, 
9,10,11, 
12,13 

Addnl. 
Ref. 11 

Addnl. Ref. 7 
Addnl.'Ref. 8 

68, 70, 60, 
Addni. Refs. 
2,4,5 

Addnl. k=f. 6 
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Polyletraduoroethyiene (page 3) 

X-Ray Crystallogniphic Data : 

System 
pseudohexagonal 

Space 
Croup a 

5.54 
b 

5.54 
c 

16.8 
Axial Angle 

Y = 119.5 

Molecules/ 
Unit Cell 

hightemn. 
form 15 

low temp. 
form 13 

The chain repeat distance is2.62A. 

Hygroscopicity : non hygroscopic 
Solubility Data : There is no known solvent or plasticizer for Teflon.. It is unaf- 

fected by strong acids, even aqua regia, and by streng alkalies. However, 
prolonged contact with fluorine, hot plasticizers, and polymeric waxes 
should be avoided. 

Health Hazard: Heated to decomposition it gives off" toxic fiites of F and F 
compounds. 

Safety Classifications : 
OSM: not listed 
ICC : not listed 

Fire and Explosion Hazard : nonflammable 
Electrostatic Sensitivity:   
Mechanical Properties: 

Modulus of elasticity, 10» psi : 33-65 
Tensile strength, psi : 1500-3000 
Ultimate elongation, % : 120-350 
Yield stress, psi: 1600-2000 
Yield strain, % : 50-70 

.   Rockwell hardness : J75-J95 
Notched Izod impact test: 2.5-4.0 

Refractive Index: 1.585-1.600 
Use in Pyrotechnics: To make inert seals or containers for pyrotechnic com- 

positions, and as an oxidizing agent. 

Additional References : 
1) Nature 174,549 (1954) 
2) D. K. Harris, The Lancet, 1008 (1961) 
3) C. E. Weir, J. Research NBS 50,95 (1963) 
4) S.L. Madorsky etal., ibid. 51,327 (1953) 
5) R. E. Florin et al., ibid. 53,121 (1954) 
6) "Vapor Pressure of Plastic Materials," N. Jensen, J. Appl. Phys, 27, 

No. 12 (1956) 
7) "Combustion Calorimetry of Organic 'Fluorine Compounds," W. Good 

etal., J. Phys. Chem. 60,1080 (1956) 

68 
Addnl. Ref. 1 
40 

Addnl. 
Ref. 10 

PA-PD-614 
29,40 

12, Addnl. 
Ref. 2 
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Polytetrafluoroethylene   (page 4) 

8) "Specific Heat of Synthetic High Polymers. V. A Study of the Order- 
Disorder Transition of Polytetrafluoroethylene,"P. Marx and M. Dole, 
J. Am. ChemSoc. 77,4771  (1955) 

9) Structural Reports 12, 367-68   (1949) 
10) "A Roam Temperature Transition in Polytetrafluoroethylene,"!!. Rigby 

and C. W. Bunn, Nature 164,583 (1949) 
11) "Calorimetric Properties of Polytetrafluoroethylene (Teflon) from 0° 

to 365°K," G. Furukawaet al., J. Research NBS 49,273 (1952) 
12) C.A. 52,15118 (1958) 
13) C.A. 52,12516(1958) 
14) "Thermal Stability of Polytetrafluoroethylene/'C. R. Patrick, Nature 

•   181,698 (1958) 
15) "Thermochemical Studies of Fluorocarbons," H. C. Duus, Ind. Eng. 

Chem 1445 (1955) 

235 



POLYVINYLCHLORID F'/U 
(Exom, G<»on, Koro.seal, Marvinol, Pliovic, Tygon, 

VeloH,   Vinylite, Vygen, Agilide) 

Formula : Approximately (-CH2» CHC1.CHC1)„, where n -.- about 4000 
A variable poiymer. Specification calls for 56 ± 1% Cl 

Specification No. : 

Molecular Weight: 

MIL-P-20307 
(includes Army Spec. 

No. 50-11-147) 
variable, approximately 

250,000 
Crystalline Form : (spec. grade) powder 

In PVC1, units of the polymer chains are arranged essentially head-to-tail. 
In addition there mav be some branching as a result of chain transfer dur- 
ing polymerization. Solid PVC1 is only slightly crystalline. 

Color: colorless to amber 
Density, g./ml, : (solid) unplasticed 1.4 

Specification, Apparent Density : 0.5 ± 0.1 g./ml. . 
Coefficient of Thermal Expansion, linear : &_Q X 10s 

Heat of Formation, Kcal./mole at25°C, 22.6 =t .3 
per monomer unit: 

Free Energy of Formation :   
Entropy:   
Melting Point : Variable, depending on degree of polymerization. Begins to 

soften between 343° and 353°K (70°'and 80oC). High molecular weight 
polymers do not flow well enough for practical molding below 423°K 
(I50°C), Second order transition temperature approx. 348°K (75°C). 

Heat of Fusion:   
Boiling Point:  
Transition Point: 

Heat or Sublimation : 
see Melting Point 

H.-ac Contont or Enthalpy :   
Heat Capacity :   
Decomposition Temperature : For TGA see Addnl. Ref. 9 

Decomposition Products: HC1 and darkening 
PV'C'i begins to break down even as low as 150°F. It is also unstable to 
fight, darkening as HC1 is evolved. Stability to both heat and light can be 
greatly improved by the addition of stabilizers. As the loss of HC1 appears 
to be autocatalytic, the stabilizers used are usually mild alkalies, alkali or 
alkali earth oxides and hydroxides, fatty acid salts, or HC1 acceptors; e.g., 
acetylene oxide compounds. Alcoholates, carbonates, amines and many 
compounds have been found tu be effective stabilizers. These can be used 
aione or in combination to adjust the properties of the plastic in the direc- 
tion desired, e.g\, flexibility, improved flame resistance. 

Rvfa. 

59,60 

59 

59 

68 

59 
Addnl. Ref, 1 
Addnl. Refs. 

1,8 
Addnl. Ref. 7 

59, Addnl. 
Refs. 8,6 

59 
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Polyvinylchlorid«, PVC1 (page 2) 

Vapor Pressure :                                                              
X-Ray Crystallographic Data : Partly crystalline; fiber puriod 5.0  *  .05 A or 

a multiple of 5.0 A 
Hygroscopicity,  Specification Grade Material : Gain in mg./g. at R.T. after 

exposure in static and vacuum desiccators: 

Addnl. Ref. 

32 

3 

Time, 65% RH. 75% R.a 86% R.H. 93% R.H. 
days Stat.      Vac. Stat.      Vac. Stat. .    Vac. Stat.      Vac. 

1 
1 

30 

0.1         0.1 
0.6         0.3 

0.3         0.3 
0.2         0.1 
0.1 

0.5         0.1 
0.3         0.5 
0.1 

0.7         0.2 
0.7         0.2 
0.1 

59 

1, 59, 60 

Addnl. Ref. 7 
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POTASSIUM, 1 & Refs. 

Specification No. : 
(Kalium) 

Molecular Weight: 39.100 
Crystalline Form : cubic 1 
Color:                                                                             silvery metal 
Density,   g./ml.:                                        .                      (solid) 0.87M* 
Coefficient of Thermal Expansion, linear at 0-50°C :85 x 10 * 
Heat of Formation, Kcal./mole at 298°K :                   (monatomic gas) 21,420 

(diatomic gas)     30,580 
FreeEnergyof Formation, Kcal./mole at298°K :       (monatomic gas) 14,589 

(diatomic gas)    21,965 
Entropy, cal./deg./mole at 298°K :                             (monatomic gas) 3830 

(diatomic gas)     59.67 
(c) 15.39 

See tables below 

1 
1 
27 
5 

5 

6 

Melting  Point: 336.4°K (63.3°C) 4,5 
Heat of Fusion, cal ./mole : 558 
boiling Point: 1039°K (766°C) 5 

5 

5 

5 

4.5 

4 

T,°K           HT-Ho0S.,.n 

cal./mole 
Sx — Ö298.1R 

cal./deg. 
mole 

T,°K            HT-Hro,.,6 

cal./mole 
ST — SMB. IS 

cal./deg. 
mole 

336.4 (c) . . .            286 
336.4 (1)  . . .           844 
400           1330 
500          2075 
600          2805 

0.90 
2.56 
3.89 
5.55 
6.88 

700         3515 
800         4225 
900             4940 

1000          5665 
1100          6400 

7.97 
8.92 
9.76 

10.53 
11.23 

Enthalpy: HT- H29B.i 
Heat Capacity : Cp = = 

K(c): 
5-=1.34T +9.70 X 110 3T2-1262 (0.1 percent; 298-336.4°K) 
1.34+19.40X 10"3T 
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k'ittastiitim, K (page 2) 

K(l) : 
Enthalpy: HT -H288.16:^ 7.0GT- - 0.70 x lOnT ' -1323 (0.3 pei -cent, 336.4-1100ÜK) i 

Heat Capacity :CV= 7.06 + 0.70 X 105T 2 

b . HEAT CONTENT AND ENTROPY OF K (g) 
(Base,ideal gas at 298.15°K) 

T,°K HT — HgAR.ir. ST — S2»R.ir> T,°K "T — r*2!)S.l.r> DT "" öiiiiH. i". 

cal./mole caj./deg. 
mole 

cal./mole cal./deg. 
mole 

400    .... 505 1.46 1900  7965 9.21 
500   .... 1005 2.57 2000 8465 9.46 
600   .... 1500 3.48 2200 9475 9.94 
700    .... 1995 424 2400   .... 10,490 10.39 
800    .... 2495 4.90 2600 11,525 10.80 
900   .... 2990 5.39 2800   .... 12,580 11.19 

1000   .... 3490 6.01 3000  13,660 11.56 
1100   .... 3985 6.48 3500 16,540 12.45 
1200   .... 4480 6.92 4000 19,810 13.32 
1Ö00    .... 4980 7.32 4500     23,750 14.25 
1400    . . ;   . 5475 7.69 5000 28,720 15.29 
1500   .... 5975 8.03 6000   . . . . 42,950 17.87 

6470 8.35 7000   .... 62,210 20.83 
1700   .... 6970 8.65 8000   .... 82,400 23.53 
iSOö   .... 7465 8.94 

K (g): 

T,°K HT — H288.1» ST — 0298.15 T,°K HT — H248.15 ÖT —0208.15 

cal./mole cal./deg. 
mole 

cal./mole cal./deg. 
mole 

400    .... 925 2.67 1600 12,240 15.65 
5uu   .... 1840 4.71 1700 13,215 16.24 
600   .... 2760 6.39 1800   . . . . 14,200 16.80 
700   .... 3685 7.82 1900   . . . . 15,180 17.33 
800   .... 4615 9.06 2000 16,170 17.84 
900    .... 5550 10.16 2100 17,165 18.33 

1000    .... 6490 11.15 2200 18,165 18.79 
1100    , . . . 7440 12.05 2300   . . . . 19,170 19.24 
1200    .... 8390 12.88 2400   . . . . 28,180 19.67 
1300    .... 9345 13.65 2500   . . . . 21,195 20.08 
1400    . . . . 10,305 14.36 2750 23,760 21.06 
1500    .... 11,270 15.02 3000   . . . . 26,350 21.96 
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Ifotattttiiim, a. (pagr '■•>) 

K2(g): 
Enthalpy : HT-HM«.,r,     8.91T -4- 0.26 X 10 3T* -2680 (0.1 percent; 298-3000°K) 
Heat Capacity :C„-  8.91 +0.52X 10RT 

For tables of thermodynamic values see Ref. 5 
Decomposition Temperature :   
Decomposition Products :  - 

Vapor Pressure : 

Press, mm. 10 40 100 400 760 

Temp. °K      341 443 524 586 708 774 

At M.P. vapor pressure is 0.23 mm. 

X-Ray Crystallographic Data : 
System Space Group 

cubic OS 5.333 
Atoms/Unit Cell 

2 

Hygroscopicity : Reacts with water to form KOH and H2. 
Caution: Keep under liquid containing no oxygen ; e.g., petroleum or in an 
iner c atmosphere of argon or nitrogen. 

Solubility. Data: Soluble in liquid NHS, ethylene diamine, aniline, and mercury. 
Reacts with water, and alcohol. 

Health Hazard: Extremely caustic to all tissues. The fumes of potassium oxide 
are very toxic. 

Safety Classifications : 
OSM : Class 2 
ICC:   Listed under "Explosives and Other Dangerous Materials" as a 
"Flammable Solid" ; yellow label. 

Fire and Explosion Hazard: Potassium reacts vigorously wifh water to form 
caustic KOH and evolve hydrogen. The heat evolved causes the potassium 
to melt and the hydrogen to burn. If there is any confinement, the hydrogen 
may explode. Burning potassium is difficult to extinguish. To fight a fire, 
use dry powdered soda ash, graphite, or special mixtures of dry chemicals. 
Even when stored under mineral oil, the peroxide (K202) and Superoxide 
(K02 or K$04) may form, and an explosion may occur when the material is 
handled or cut. Potassium which has become coated with a layer of oxide 
should be burned. The fumes of potassium oxide are highly toxic. Do not 
use CCU on fire as an explosion may result. Use powdered talc. 

Electrostatic Sensitivity :   

Use in Pyrotechnics : As a fuel and to color burning smoke compositions violet. 

Additional Reference : 

1)   C.A. 37,2578 (1943) 

34 

1 

12 
14 

1,29 

12.14,16,75, 
Addnl. Ref. 1 
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POTASSIUM BICARBONATE 
(Potassium Acid Carbonate, 

Potassium Hydrogen Carbonate) 

KHC03 Formula: 
Specification No. : 
Molecular Weight: 
Crystalline Form : 
Color: 
Density, g./ml. : 

Coefficient of Thermal Expansion : 
Heat of Formation, Kcal./mole at 298°K : 
Free Energy of Formation, Kcal./mole at298°K 
Entropy : 
Melting Point: 
Heat of Fusion: 
Boiling Point: 
Transition Point: 
Heat of Sublimation : 

Heat Content or Enthalpy : 
Heat  Capacity : 
Decomposition Temperature, °C : 
Decomposition Products : 
Heat of Dissociation, cal./rnole : 

MIL-P-3173 
.100.11 
monoclinic 
colorless 
(solid) 2.17 

-229.3 
-205.7 

100-200 
K2COs + C02 + H20 
15,730 

Vapor Pressure of Dissociation (toC02 +H20) is given by 
,     „ .-—     3420 log Pm, = 10.832- 

2KHC03(s) 
Tabs. 

K5C03(s) + C02(g) +H20(g) 

Molecules/Unit Cell 

Press, atm. .0054 .1463 .2527 .6203 .8034 .9645 

Temp. °K 340.8 389.5 400.3 419.4 424.9 429.1 

1 
1 

1,9 
86 

X-Ray Crystallographic Data: 
Space Group a b c Axial Angle 

Cih 15.176    5.630    3.708     /9 = 103"45' 4 

Hygroscopicity : Nonhygroscopic. Stable in dry air. In more than 70% saturated 
humidity it absorbs water. In damp air loses C02 and forms a coating of 
K2C03. 

Solubility Data: In cold water: 22.4g./100g,   • 
In water at 60°C: 60    g./lOOg. 
In alcohol: insoluble 

Wealth Hazard : Excessive d$ses may cause hyperkalemia or alkalosis. 

44V22II 
Addni. Refs. 

1,2 
Addnl. Ref. 1 

91 

18V4 

44V22II 

29 
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Potassium Bicarbonate (page 2) 

Safety Classifications : 
OSM : not listed 
ICC : not listed 

Fire and Explosion Hazard:   
Electrostatic Sensitivity :   
Use in Pyrotechnics: As ä retardant, and to color burning compositions pur- 

plish-red. 

Additional References: 
1) "The Dissociation Pressures of the Alkali Carbonates. Part 11. Potas- 

sium, Rubidium, and Cesium Hydrogen Carbonates," R. M. Caven and 
H. J. Sand,J. Chem.Soc. 105,2752 (1914) 
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POTASSIUM CHLORATE, KC10;1 

Specification No.. TVIIL-P-1.50A 
Specification Grades and Classes : The specification covers three grades : 
Grade A, low bromate content; Grade B, high bromate content; and Grade 
C with magnesium carbonate. Grade C is divided into seven classes based 
on granulation. Grade A is used in primer mixtures, Grade B in pyrotechnic 
mixtures, and Grade C in colored smoke mixtures. 

122.55 Molecular Weight: 
Crystalline Form : 
Percent Ogygen : 
Color : 
Density, g./ml. : 

Coefficientof Thermal Expansion, y, over the range 
-78°to4-21°C: 

Heat of Formation, Kcal,/mole at 298°K : 
Free Energy of Formation, Kcal,/mole at298°K : 
Entropy^cal/deg./mole at 298°K : 
Melting Point : 

Literature Values : 
Heat of Fusion : 

monoclinic 
39.17 
colorless 
(solid) 2.32 

22 X 10-" 
-93.50 
-69.29 
34 17 
641.5°K (368.4°C) 
334-372°C 

Boiling Point: Decomposes at673°K (400°C) giving off 0. 
Transition Ppmt: Monoclinic to rhombic 528°K (255 ± 5°C) 
Heat of sublimation:   
Heat Content or Enthalpy:   

Heat Capacity, cal./deg./mole at 298°K : (solid) 23.96 

Temp.°C 
-150 
-100 

0 
50 

100 
200 
225 

Cp. cat-/deg,/mote 
14.7 
1S.9 
23.4 
25.1 
28.4 
36.2 
39.7 

Decomposition Temperature : For DTA and TGA see Ref. 33 
Decomposition Products : At fusion 2KC103 -*KC104 +

KC1 +20. 
At high temperature the KC104 decomposes to KC1 +40. 

Heat of Decomposition, kg./cal./mole : 
Crystalline decomposition, R. T. Value 

0.3 KCIO3  ->KCl-f02 
KC103 -*KCl + 30 

4KC10.,->KC104 +KC1 

12.1: 
-9.7 

63 

Refs 

4V22I 

99 
,9 
1,9 
L 

B 

1,20 
12,44V22 1 

35 

20,29 

Addnl. Ref. I 
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Potassium Chlorate, KCIO3 (page 2) 

Vapor Pressure: 
X-Ray Crystallographic Data: 

System 
monoclinic 

Space Group 
C§h 

a 
4.647 

°C 
20 
90 

150 
200 
250 

b 
5.585 

a 
4.647 
4.665 
4.679 
4.692 
4.706 

c 
7.085 

b 
5.585 
5.600 
5.6L1 
5.621 
5.632 

Axial Angle 
ß =109° 38' 

Molecules/ 
Unit Cell. 

2 
c 

7.085 
7.122 
7.152 
7.180 
7.209 

Hygroscopicity: R.T., after equilibrium has been established in a vacuum desic- 
cator : 

R.H.% 65                   75                       86                   93 

Time Exposed 24hrs. equil. 24hrs. equil. 24hrs. equil. 24hrs. equil. 

Gainmg./g. 
R1 0.1        0.1        0.1        0.1       0.2       8.2        0.5      0.5 

_      <.l        0.2        —      0.3       —        _      0.9 

65 
Addnl. Ref. 4 

i32 

El= reagent grade;   S1 = spec, grade 

Critical R.H. 
Reagent grade, 97.7% at25°C 
Spec, grade,97.9% at26.2°C 
Water absorbed by 2.000g. at25°C (C.P .material) 

E'ineness Hours g. H20 absorbed 

40-80 mesh 45I4- 00660 
69% 0.1056 
931/2 0.1392 

1221/4 0.2340 

ground 16 0.0248 
very fine 69 0.1062 

88% 0.1488 

Solubility Data: In water at20°C: 7.1g./100ml. 
at 100°C 57g./100 ml. 

In alkalies : slightly soluble 

At 25°C, g./lOO g. solvent: 
In ethyl alcohol: 0.8L 
In glycerol : 1.05 
In acetone: insoluble 
In ethylene glycol : 1.2L 

At 20°C in methvl alcohol: 0.095 

:32 

Addnl. Ref. 3 

1,65 
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Potassium Chlorate, KCIO-, (page 3) 

Health Hazard : Slight to moderately poisonous. The principal toxic effects of 
chlorates are the production of methemoglobin and the destruction of red 
blood corpuscles. Chlorates are also irritating to the genito-urinary tract 
and to the kidneys. The probable lethal human dose is 50-500 mg./kg. 

Safety Classifications : 
OSM : Class 1. Class 2 when not packed or stored in original containers or 

equivalent. 
ICC :   Listed under "Explosives and Other Dangerous Articles" and classed 

as oxydizing material :yellow label. 
Fire and Explosion Hazard : Potassium chlorate is exploded by shock, or heat, 

and when rubbed in the presence of organic or reducing material (sugar, 
charcoal, shellac, sulfur, starch? sawdust, H2S04, NH« compounds, cyanides, 
phosphorus or antimony sulphide). KC10S is sensitive to friction. Chlorate 
fires should be fought with large streams of water or with water fog. Note. 
See references for important precautions in the handling of potassium 
chlorate alone and with mixtures. The danger of spontaneous combustion 
with sulfur is greatly reduced by the addition of potassium bicarbonate. 

Explosive Testa on Specification Grade Potassium Chlorate : 
Explosion Tenp.Test (5sec. value), °C: 467 
Impact Test Values : (10% point) 

Y.A.Apparatus, 2 kg, hammer , 
(22mg. charge) ; in : 40 T 
B,M. Apparatus, 2 kg, hammer, cm : 100-+- 

Use in Pyrotechnics : As an oxidizer and to impart a pur pie-red color to burning 
compositions. 

L2, 25, 26, 
29, 65,93 

12, 29,14 

19 
38 
88 
88 

1,16,17 

Additional References : 
1) "The Formation and Decomposition of Potassium Perchlorate and a 

New Determination of the Heat of Decomposition," C.A.  27, 1264 
(1933) 

2) "Refinement of the Crystal Structure of Sodium Chlorate and Potassium 
Chlorate," J. G, Bower et al., Univ. of California, AFOSR Number 
TN-59-104, ASTIA Document Number AD 210, 386  (1959) 

3) "Hygroscopic Properties of Sodium, Potassium and Ammonium Ni- 
trates, Potassium Chlorate and Mercury Fulminate," C. B. Taylor and 
W. C. Cope,Met. & Chem, Eng. 15,141  (1916) 

4) G. Ramachandran and M, Lonappan, Acta. Gryst. 10, 281 (1957) 
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POTASSIUM NITRATE, KNO, Refs. 

(Saltp cter, Niter) 1,29 

Percent Oxygen: 47.48 
Specification No. MIL-P-156B 

The spec, covers three classes of about equal purity but of different granu- 
lation. Class 2 is used in pyrotechnics. 

Molecular Weight 101.10 

Crystalline Form rhombic or trigonal 1 
Color: colorless 1 

Density, g,/ml. : (solid) 2.109; (liqui d) 2.123-.755 X10-H°C . 1 
(over the ran ge350-565°C) 40V2 

Coefficient of Thermal Expansion, cubical, 0-100 °C:   1967XlO-T 1 
See also Ref. 54V2 

Heat of Formation, Kcal./mole at 298°K : -117.76 1,9 
Free Energy of Formation, Kcal./mole at298°K :         -93.96 1,9 
Entropy, cal./deg./mole at 298°K : 31.81 3 

See table below 
Melting Point: 611°K (388°C) 7 

Heat' of Fusion, >. .al./mole : 2800 4 

Boiling Point: decomposes at 
673°K (400°C) 

1 

4 
4 

4 

T, °K HT — H298.i,r,                 Ö T —0268,15 T,°K            HT - H298.,s ST -0298.15 
cal./mole            cal./dee. cal ./mole cal./deg. 

mole mole 

350  1230 3.80 600           9660 22.36 
400      2490 7.17 611 (ß) . . .          9970 22.87 
401 fm) . . . 2520 7.24 611 (1)    ...        12,770 27.45 
401 (ß)  . . . 3920 10.73 700        15,400 31.46 
üöO      6780 17.11 

15 
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I'oHuHSium Nilrute, KNO3 (page 2) 

Heat Capacity, cal./deg./mole: (solid) ~ -    23.01 (liquid) 29.50 
ß = 28.8 

See table above 
Decomposition Temperature, °C : 400 

Decomposition Products:  Fran 650 to 750°C, The products of decomposition 
are KNOa + O + traces of N02. At 800°G decomposition is mare extensive 
withKNOs decomposingtoformK20, N, and O. 
For DTA and TGA seeRefs. 33 and 47 

Vapor Pressure : —— 
X-Ray Crystallographic Data: 

System 
hexagonal 

Space Croup a 
4.365 

Axial Angle 
a=76° 56' 

Molecules/ 
VnitCeU 

Hygroscopicity: Gain in mg./g, at.R.T. after equilibrium has been established 
in vacuum dessicators. 

% R.H. 65 1          75          1           8«         1        99 
Time 24 hrs.   equil. [ 24hrs. equil.   24 hrs.   equil. [ 24 hrs.   equil. 
Upsc. grade —        <1 _         0.2 f    —        —        S6.2     — 

1                  "_  1                        i     
Purified 1    —          — 1    —      <.l    1     —    <.l 

t                       i                        ■ , 

Critical R.H.: Specification grade, 91.7%   at 20.0°C 
Purified material, 91.8% at 26.2°C 

Water absorbed by 2.0000 g. at 25°C   (C.Pmaterial) 

Fineness Hrs. H20 absorbed, g. 

40-80 mesh 23/4 0.0147 
.18% 0.1136 
25 i/i 0.1527 
42% 0.2687 
47 0-2896 

ground 7Vi 0.0453 
very I6V2 0.1056 
fine 40 V2 0.2580 

Specification Grade, gain % at 70°F 
and90%R.H.: 0.76 

4,5 

1 
35 

32 

Solubility Data: In water (g.lOO/ml.) : 13.3 at 0°C, 31.6 at 20°C, and 247 at 
100'JC 
In alcohol and ether: insoluble 

Health Hazard.: Ingestion of large amounts may cause violent irritation of the 
intestinal lining. Prolonged exposure to small amounts may result in anemia 
and nephritis. Moderately poisonous on ingestion or inhalation. 

!12 

33 
1 

12,29,93 
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Potassium Nitrate, KI\()3 (page 3) 

Safety Classifications: 
OSM: Class  1. Class 2 when not packed or stored in original shipping 

containers. 
"YÜC :   Listed under "Explosives and Other Dangerous Articles" as oxidiz- 

ing material ;yellow label. 
Fire and Explosion Hazard : Dangerous, as it is a fire and explosion hazard. As     12,14 

an oxidizer it can give up its oxygen to other materials to produce a vigor- 
ous reaction which may result in detonation. Toxic fumes are emitted on 
decomposition. 
Potassium nitrate is a strong oxidizer, sensitive to shock, and can be easily 
detonated. When mixed with flammable materials it becomes very sensitive. 

Electrostatic Sensitivity :   
Use in Pyrotechnics : As an oxidizer and to impart a purple-red color to burning    17 

compositions. 

Additional References: 
1) "The Kinetics of Thermal Decomposition of Potassium Nitrate and of 

the Reaction between Potassium Nitrate and Oxygen," E. Freeman, J. 
Am. Chem. Soc. 79,838 (1957) 

. 2)  "Simple Method for Derivative Thermal Analysis," E. Freeman and D. 
Edelman, Anal. Chem. 31,624 (1959) 

3; "Instrumentation and Applications to Thermogravimetry and Differen- 
tial Thermal Analysis," C Campbell etal., Anal Chem. SI, 1189 (1959) 

4) "A Thermoanalytical Study of the Ignition and Combustion Reactions 
of Black Powder," C. Campbell and G. Weingarten, Trans. Faraday 
Soc. 55, No. 444,2221 (1959) 

5) "Hygroscopic Properties of Sodium, Potassium and Ammonium Ni- 
trates, Potassium Chlorate and Mercury Fulminate," G. B. Taylor and 
W. C. Cope, Met. & Chem. Eng. 15,141 (1916) 
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POTASSIUM OXIDE, K,0 
(Potassium Monoxide) 

Specification No.:   
Molecular Weight: 94.20 
Crystalline Form : cubic 
Color: colorless to grey 

White at ordinary temp., yellow when hot. 
Density, g./ml.: (solid) 2.32° 

Coefficient of Thermal Expansion:   
Heat of Formation, cal./mole at 298°K: -86,400 (± 2000) 

See table below 
Ecea Energy of Formation, cal./mole at298°K: -76,300 (± 2800) 

See table below 

Free Energy Equations: 
Reaction Range of Vaiidity, °K 

1) 2K (c) +y202 (g) =KaO (c) 298.16-336.4 
A Ff = - 86,400 + 33.901' 

2) 2K (1) +1/2 02 (g) =K20 (c) 336.4-1049 
A F% = -87,380+ 1.15T log T + 33.901' 

3) 2K (g) +y202 (g) =K20 (c) 1049-1500 
A F£ = -103,090- 16.12T log T + 129.641' 

HEAT AND FREE ENERGY OF FORMATION OFK20 (c) 

T,°K A H (cal./mole) A F° (cal./mole) 

298.16. . . . -86,400 (±2000) -76,300 (±2800) 
336.4   .... -86,400 -75,000 
336.4   .... -87,600 -76,000 
400  -87,600 -72,600 
500   ..... -87,600 -68,900 
600      -87,700 -65,100 
700      -87,700 -61,400 
800      -87,800 -57,600 
900      -87,800 -53,800 

10G0      -87,900 -50,000 
1049      -87,900 -48,200 
1049      -125,800 -48,200 
1100      -125,400 34,400 
1200      -124,700 -37,100 
1300  -124,000 -29,800 
1400      -123,300 -22,600 
1500  -122,600 -15,400 

Phase changes of Metal 
M.P. 336.4°K ;A H= 558 cal./g.-atom 

B.P., 1049°K ;A H = 18,925cal./g.-atom 

Refs. 

1, 44V22I 
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Potassium Oxide, KsO (page 2) 

Entropy, cal./dog,/mole at 298°K 
Melting Point: 
Heat of Fusion : 
Boiling Point: 
Transition Point: 
Heat of Transition, Kcal./mole : 
Heat of Sublimation : 
Heat Content or Enthalpy: 
Heat Capacity : 
Decomposition Temperature : 

23.5-t 2.5 

not obtainable 

1253°K (980°C) 
6.8 

below 763°K 
atl750±100°K 

Decomposition Products :   

Vapor Pressure of alkali oxide and alkali metal in equil. with solid alkali oxide, 
atm. atl000°K (calcd.) : 

X-Ray Crystallographic Data : 
System Space Group a Molicules/Cubic Cell 
cubic 6.436 

Hygroscopicity : Reacts with water to form KOH with evolution of considerable 
heat, 

Solubility Data: Very soluble in water and is slightly soluble in alcohol and 
e enter. 
The heat of solution in water, Kcal./mole : 75 

Health Hazard:  Has a caustic reaction on the skin and respiratory system. 
Because it causes dermatitis, avoid its dust and treat exposed skin with 
targe quantities of water. 

Safeey Classifications : 
OSM: .not listed 
ICC: not listed 
Caustic potash liquid is classified under "Explosives and Other Dangerous 
Articles" as a corrosive liquid. 

Fire and Explosion Hazard: Considerable heat is developed by reaction with 
water. Highly caustic. 

Electrostatic Sensitivity :   
Use in Pyrotechnics: a product of burning 

potassium compounds 

Additional References : 
1)   "Stability of Solid and Gaseous Alkali and Alkaline Earth Oxides," L. 

Brewer and D F. Mastick, J. Am. Chem. Soc. 73, 2045 (1951) 

24 

^ddnl. Ref. 5 

18 

44V22I 
12,25,29 

12 
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POTASSIUM PERCHLORATE,  KCIO, 
(Potassium Hyperohlorate ) 

Percent Oxygen : 46.19 
Specification No. : JAN-P-217(2) 

The spec, covers one grade and four granulations. 
Molecular Weight: 138.55 
Crystalline  Form : rhombic 
Color: colorless 
Density, g./ml. : (solid) 2.52 
Coefficient of Thermal Expansion, cubical, 

from -78° to +18°C : 

Refs. 

Heat of Formation, Kcal./mole at 298°K : 
Free Energy of Formation, Kcal./mole at298°K : 
Entropy, cal./deg./mole at 298°K : 
Melting Point: 

Literature values vary from < 400° to 610°C, with and without mention of 
decomposition. 

Heat of Fusion:   

14 X 10-» 

-103.6 
-72.7 
36.1 

337°K (610±10°C) 

Boiling  Point: 

Transition Point: 

Heat of Transition, Kcal./mole : 
Heat of Sublimation: 

Heat Content or Enthalpy : 
Heat Capacity, cal./deg./mole : 

decomposes at 
926°K (668°C) 

*a (rhombic) to/8 (cubic) 
at572°K(299°C) 

3.29 

(solid) 26.33 

Decomposition Temperature, °C : Starts at about 580° and is complex. 
See Addnl. Ref. 10 for TGA 

Heat of Decomposition of Perchlorates, Kg. cal./mole  (constant volume) at 
room temperature, KC104 -+ KC102 +02 : 1.73 

Decomposition Products : KC1 "I" 4 0 
Vapor Pressure: 

See 54V1 

X-Ray Crystallographic Data : 

System 
rhombic 
cubic (34G°C) 

Space Group 

T(iorT2 

a 
8.834 
7.47 
8.857 

b 
5.650 

c 
7.240 

Molecules/ 
UnitCeU 

4 

5.663   7.254 

1 
1 
1 

44V22 I 

1,9 

1,9 
1,8,9 
1 
65 

Addnl.Ref. 7 

9 
9 

4 9 
Addnl. Ref. 4 
47 

Addnl. Ref. 8 

20 

Addnl. Ref. 9 
97V6 
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Potassium Perchlorate, KCIO« (page 2) 

Hygroscopicity : Gain (mg./g.) at 23-5°C and 93% R.H, after equilibrium has 
been establisnud in a vacuum desicator. 
Spec, grade, after 24 hrs. : 
Purified, at equilibrium : 
Critical R.H. of spec, grade material : 

Solubility Data : In water, g./100 ml. : 

1 
<1.0 
99.3%at26.2°C 
0.75 at 0°C 

and21.8atl00°C 
Solubility in Nonaqueous Solvents at25°C : 

Solvent g./100 g. of solvent 
Acetone 0.155 
Eethyl acetate 0.0015 
Ethyl alcohol 0.012 
Ethyl ether insoluble 
Methyl alcohol 0.105 
Ethyl glycol 1.03 

Health Hazard : Moderately toxic and irritating to the skin, mucous mem- 
branes, and respiratory tract. It may affect the kidneys. Avoid contact with 
KC104. The probable lethal dose for humans is 50-500 mg./kg. 

Safety Classifications: 
ÖSM: Class 1. Class 2 when not packed in original shipping containers or 

equivalent. 
ICC:   Listed under Explosives and Other Dangerous Materials. Classed as 

oxidizing material ;yellow label. 
Fire and Explosion Hazard: A fire and explosive hazard, particularly when 

mixed with organic material, finely divided metals or sulfur. When heated 
it emits highly toxic fumes. For fighting a fire or potassium perchlorate 
alone use water. 

Electrostatic'Sensitivity:   
Impact 'Tests: Charge weight =0.023 g. 

Bureau of Mines Apparatus, 2 kg. wt., cm.:       (10% point) 100 + 
P.A. Apparatus, 2 kg. wt., in.: (10% point)   40 + 

Use in Pyrotechnics: As an oxidizer and to color burning compositions purple- 
red. 

52 

32 
1,65 

65 
72 
77 

93,12, 29, 65 

12,14 

33 

Äüdii^jJiü References: 
1) Ref. 47 
2) "Simple Method for Derivative Differential Analysis," E. Freeman and 

D. Edelman, Anal. Chem. SI, 624 (1959) 
3) M. M. Markowitz, J. Phys. Chem. 61,505 (1957) 
1)  L. L. Bircumshaw and B. H. Newman, Proc, Royal Society (London) 

A227, 115 (1954) 
5)  A. E. Harvey et al., J. Am. Chem. Soc. 76'. 3270 (1954) 
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Potassium Perchlorate, KCIO« (page 3) 

6) "Precise Studies of the Crystal Structures of Lithium Perchlorate Tri- 
hydrate, Anhydrous Lithium Perchlorate, and Potassium Perchlorate," 
R. J. Prosen and K. N. Trueblood, Perchlorates TN-2 ,OSRTN 56-563, 
ASTIA Document No. AD 110-384 (1956) 

7) C.Duval,CA. 42,8698 (1948) 
8) K. A. Hoffman and P. H. Marin, CA. £7, 1264 (1933) 
9) "The Crystal Structure of Potassium Perchlorate—KC104," N. V. Mani, 

Proceedings of the Indian Academy of Science, pp. 143-151 (1967) 
10) Anal. Chem. Acta *, 105 (1948) 
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(For trade names and manufacturers, see Kef. 60) 

Shellac is a variable natural product obtained from various species of 
Acacia. 

Shellac is the only resinous substance of animal origin. It is produced by 
an insect (Tachadia lacca) which lives on certain trees of southern Asia. The 
insect takes up sap through its stinger and after a semi-polymerization procesb 
exudes it as a gum. This lac secretion coats their bodies and the twigs of the 
trees with a heavy incrustation which is scraped off and forms the commercial 
slick lac. This contains not only the lac resin but also woody matter, lac dye, and 
the bodies of insects. The seed lac is ground and washed to remove the wood 
and most of the coloring matter. Shellac is prepared from the seed lac by melt- 
ing or by extraction with solvents. The molten material is spread over a hot 
cylinder, stretched and cooled. The cooled sheet is then broken into flakes of 
shellac. After purification, shellac varies in color from orange to lemon yellow. 
Orange shellac may contain as much as 1% of powdered orpiment (As208). 

Chemically, shellac contains condensed long chain esters of condensed poly- 
hydroxy acids together with rosin and wax. E^- solvent action the wax content 
of the seed lac is reduced to 1%. Shellac is graded by color and amount of dirt. 
The best grade contains no resin, but in inferior grades the resin content may 
be as high as 12%, 

Characteristics of Shellac (analytical): 
Acid Number: 
Ester Number: 
Saponification Number : 
Iodine Number: 

Specification No, 

Refs 

48-64 
137-63 
194-213 
185-210 
MIL-S-20526 

Density, g./ml: 
Coefficient of Thermal Expansion: 
Heat of Formation: 
Free Energy: 
Entropy: 
Melting Point: 

Heat of  Fusion: 
Boiling Point: 

pale orange to 
lemon yellow 

(solid) 1.08-1.13 

indefinite 388-393°K 
(115-120°C) 

16,20,59, 
52V7 

(Includes U.S. Army Specification No. 50-11-17A) 
The spec, covers three grades which differ in purity. Grade A is used in 
both primer pyrotechnic compositions. Grade A includes the grades of 
orange shellac known as "Double Triangle G," "Diamond I,""Superfine," 
the highest grades, "D.C." and "V.S.O.'The so-called machine-made shel- 
lacs, such as "CV" and "CVTN, "in general fall under Grade A. 

Molecular Weight:   
Crystalline Form:   
Color: 

1 
I 
1 
29 

59 
1 

20,9 

decomposes 
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Shellac (page 2) 

.Transition Point:   
Heat of Sublimation:   
Heat Content or Enthalpy :   
Heat Capacity :   
Decomposition Temperature :   
Decomposition Products:   
Vapor Pressure : -— 
X-Ray Crystallographic Data :   

Hygroscopicity : Nonhygroscopic and not altered on exposure to the air, 1 
Solubility Data, g./100 g. solution : 29 

In water: insoluble 
In alcohol: 85-90 

(vervslowly soluble) 
In ether: 13-15 
In benzene: 10-20 
Sparingly soluble in oil or turpentine.  Soluble in aqueous ethanolamines,    29, 5S 
alkalies, or borax, Solubility in petroleum ether, 2-6 g./100 g. solution. 
Soluble in the lower aliphatic alcohols but not in hydrocarbons. 

Health Hazard : none 
Safety Classifications: 

OSM: not listed 
ICC : not listed 

Fire and Explosion Hazard : Easily ignited and continues to burn. 60 
Ignition Temp, of Dust Cloud, °C: 390 26 
Minimum Explosive Concentration of Dust, 
mg./l.: 15 26 

Electrostatic Sensitivity, minimum energy required for ignition of dust cloud 
by electric sparks (millijoules) : 10 26 

Use in Pyrotechnics: As a binder, a fuel retardant, and to reduce absorption    20V1, 201/3 
of moisture. It is applied as an alcoholic solution. The alcohol is allowed to 
evaporate after application. 
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SILICON.  Si 

Specification No, JAN-S-230and 
Amendment 1 

Amendment 1 lists two grades differing slightly in purity, and four classes 
differing in granulation. 

Molecular Weight: 28.09 

Crystalline Form : Needle-like crystals or ocatahedral platelets (cubic). Occurs 
in three forms; adamantine (cubic), amorphous, and graphitoidal. 

Color: Lustrous black to gray. The amorphous form is a dark brown powder, 
steel grey, black plates. 

Types and Differences of Behavior: Brown amorphous silicon dissolves in 
molten metals and burns in air to form Si02, Black, shiny graphitoidal sili- 
con is not easily oxidized and not attacked by the common acids, but is 
soluble in alkalies, Crystalline silicon is obtained in dark, steel-grey globules 
or six-sided pyramids. It is less reactive than the amorphous form, but is 
attacked by boiling water. The three forms are obtained by reduction. Com- 
mercial silicon is the graphitoidal flake form and when refined contains 

.  97 % Si and less than 1 % iron. 

Density, g./ml.: 

Coefficientof Thermal Expansion, linear at 25°C : 
40°C: 

Heat of Formation, Kcal./mole at298°K: 

Free Energy of Formation, Kcal./mole at298°K : 

Entropy, cal./deg./mole at 298°K : 

See Table a 

Melting Point: 

Heat of Fusion, cal./mole: 

Boiling Point: 
Heat of Vaporization, Kcal./mole : 

Transition Point: 

1,29 

1,29 

16,29 

Heat of Sublimation, Kcal./mole : 

Heat Content or Enthalpy, cal./mole at 298°K 

(solid) adamantine, 2.42 
amorphous, 2.08 

graphitoidal, about 2.4 

1 

4.2 X 10"6 

7.63 X 10"8 
29 
1 

(gas)880.4 1,9 

(gas)   77.41 1,9 

(gas)   40.12 
(c) 4.53 

1,5,9 
1,5,9 

1685°K (1412°C) 4 

12,100 4 

2950°K (2677°C) 5 

about 72.6 40V2 

noneuptol273°K 
(1000°C) 

about 2873°K (2600°C) 

Addnl. Ref. 1 

40 

(monatomicSi) 105 5 

(solid) 769 
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Silicon, Si (page 2) 

a. HEAT CONTENT AND ENTROPY OF Si (c. 
(Base, crystals at 298.15°K) 

"0 

T, UK 

400 
500 
600 
700 
8u0 
900 

1000 
11Ö0 
1200 
1300 

H-t - H3»8.ir. ST — SUSH.I 

cal./mole cal./deg. 
• mole 

515 1.48 
1060 2.69 
1630 3.73 
2220 4.64 
2830 5.46 
3450 6.19 
4080 6.85 
4720 7.46 
5360 8.02 
6020 8.65 

T, »K 
cal./mole 

1400   ..... 6680 
1500  7340 
1600  8010 
1685 (c)   ... 8580 
1685 (1)   ... 20,680 
1700     20,770 
1800  21,380 
1900  21,990 
2000  22,600 

cai./de^. 
mole 

~H.04 
9.49 
9.92 

10.27 
17.45 
17.50 
17.85 
18.18 
1B.49 

HEAT CONTENT AND ENTROPY OF Si (g) 
(Base, ideal gas at 298.15°K) 

T, °K HT — H29R.tr 

cal./mole 
ST— b^ftSJ; 
cai./deg. 

mole 

T, fJK HT —. H-..j»i.i:i 

cal./mole 
ÖT —Ö2üj..,ti 

cal./deg. 
mole 

400 .... 535 
500 .... P045 
6>K) .... 1555 
700 .... 2060 
800 . . . . 2560 
900  . . . 3060 
1000 . . . . 3565 
1100 . . . , 4065 
1200 . . . . 4565 
1300 . . . . 5070 
1400 . . . . 5575 
1500 . . . . 6085 
1600 . . . . 65S5 
~i 7: i.'i 71u5 
18<-0 . . . . 7625 

1.54 1900 . . . 8140 
2.68 2000 . . . 8665 
3.61 2200 . . . 9715 
4.39 2400 10,780 
5.06 2600 .... 11,850 
5.65 2800 . . . 12,935 
6.18 3000 . . . 14.020 
6.66 3500 . . . 16.765 
7.09 4000 . . . 19,520 
7.49 4500 . . . 22,280 
r» 0 
a 5000  . . 25,040 
8.22 i 60u0 . . . . .   30,555 
8.55 1 7000- . , . 36,105 
8.86 ! 8000 . . . . .   41,845 
9.15 ! 

9.4? 
9.7o 

10.20 
10.67 
11.10 
11.50 
11.87 
12.71 
13.45 
14.10 
14.6& 
15.69 
16.55 
17.31 
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Siiiron, Si (page 3) 

Si (g): 
Enthalpy : HT -H21)S 1:, ^ 4.82T -f 0.09 X 10 8Ta -0.42 x lO'T1 - 1304 

(0.3percent j298-5000°K) 
Heat Capacity: CP =4.82 + 0.18 x 10aT + 0.42x 105T *' 
Heat Capacity, cal./deg./mole at 298°K : (solid) 4.80 

(liquid) 7.0 
(gas) 5.32 

Also see above 
Decomposition Temperature :   
Decomposition Products :   
Vapor Pressure : 

Press, mm. 1 10 40 100 400 760 M.P. 
Temp. °C 1724 1888 2000 2083 2220 2287 1420 

at melting point, mm. 0.075 
X-Ray Crystallographic Data: 

System Space Group a Atoms/Unit Cell 
cubic Oh 5.4173 8 

Hygroscopicity (milled Si), cumulative increase in weight after: 
storage over H20 for 18days 3 days in oven at 105°C 

4.3% 0.4% 
t,Some caking of powder noted.) 

Solubility data : 
in water: insoluble 
In molten aikali oxide, HF: soluble 

Health Hazard : slight 
Safety Classifications : 

OSM: Class 2 
ICC : not listed. Probably classed 

as a flammable solid 
U.N. -. inAammable solid 

Fire and Explosion Hazard: Powdered silicon when heated in the air is a dan- 
gerous fire hazard. It burns with intense heat and reacts explosively with 
oxidizing materials, and with water or steam. Prevent water from contact- 
ing the material. Store and process only in a room or building adequately 
vented at the highest point to prevent accumulation of hydrogen gas which 
results from the reaction of powdered metal and moisture. In the repair ox' 
maintenance of buildings or equipment, powder or dust should be removed 
and nonsparking tools used. 
The powder is moderately explosive. 

Electrostatic Sensitivity, minimum energy required for ignition of powder by 
electric sparks, millijoules for dust cloud : 80 

Ignition Temperature, °C : (dust cloud) 775 
(dust layer) 950 

Minimum Explosive Concentration of powdered 
silicon, mg./l : 100 

Use in Pyrotechnics: as a fuel 
Additional References : 

1) J. Phys. Chem. 60, 509 (1956) 
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SILICON  DIOXIDE, SiO, 
(Quartz, Silica, Silicic Anhydride, Rock Oysaal, Oistohalite) 

Percent Oxygen: 53.25 
Specification No. :   
Molecular Weight: 60.06 
Crystalline Form : 

T^peofSiOs              Crystalline Form Density               M.P.°C 
cristobalite           cubic or tetragonal 2.32                   1710 
lechatelierite 2.20 
quartz                   hexagonal 2.653-2.660         <1470 
tridymite              rhombic 2.28-2.33                 16'70 

Color: colorless 
Density, g./ml. : (solid) 2.653-2.660 

See table above 
Coefficient of Thermal Expansion : 

quartz (c), -190° to + 16°C : 5.2L X 10"6 

parallel to axis, 0-80°C : 7.97 X 10"s 

perpendicular to. axis, 0-80°C : 13.31X 10 6 

fused, -191° to + 16°C: 0.256 X 10"0 

0-30°C : 0.42 X 10 8 

0-100°C : 0.50 X 10^» 
0-800°C : 0.546 X 10 8 

0-1200°C : 0.585 X 106 

cubic expansion, quartz, 50-60°C : 0.3538 X 10 * 
Heat of Formation, Kcal./mole at 298°K : quartz, -205.4 

cristobalite, -205.0 
Free Energy of Formation, Kcal./mole at298°K: quartz, -192.4 

cristobalite, -192.1 
tridynite, -191.9 

a. HEAT AND FREE ENERGY OF FORMATION OF Si02 
(«-quartz, /3-quartz, 1) 

T,°K       A H (cal./mole) '. A F° (cal./mole) 

298.16 . . . .      -239,900 (±1000) -f96,900(± 1000) 
400         -209,900 -192,500 
500        -209,800 -188,100 
600       -209,700 -183,800 
700        -209,500 -179,500 
800        -209,200 -175,200 
848       -209,000 -173,200 
848       -208,700 -173,200 
900       -208,600 -171,000 
1000       -208,400 -166,800 
1100        -208,300 -162,700 
1200        -208,100 -158,500 
1300        -209,900 -154,400 

Kefs. 
1, 12 

1,9 
1 
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Silicon Dioxide, Si()2 (page 2) 

T, °K A H (cal./mole) AF 1 (cal./mole) 

1400 -207,800 
-207,600 
-207,400 
-207,300 
-218,400 
-218,300 
-218,200 
-218,100 
-216,000 
-215,900 
-215,200 

-150,300 
-146,200 
-142,100 
-138,700 
-138,700 
-138,000 
-133,208 
-129,300 
-129,300 
-128,500 
-123,900 

1500 
1600 
1683 
1683 
1700 
1800 
1883 
1883 
1900 
2000 

1 
T.P 

r.p. fi 

Phase changes of Oxide 
(a-quartz to p-quartz), 848°K; A H = 

o-auartzton-tridvmite) ,1140°K ;A I 
=290 cal./mole 
1=180 cal./mole 

M.P., 1883°K ;AH^2040cal./mole 

b. HEAT AND FREE ENERGY OF FORMATION OF SiOa 
(a-cristobalite ;p-cristobalite) 

T, °K                         ±R (cal./mole) A F° (cal./mole) 
298.16 . . . -209,550 (±250) -196,650 (±300) 
400   . -209,600 -192,200 
500   . -209,500 -187,900 
523   . -209,450 -186,900 
523   . -209,250 -186,900 
600   , -209,100 -183,600 
700   . -208,900 -179,350 
800   . -208,700 -175,150 
900    . -208,500 -171,000 

1000    . -208,300 -166,800 
1100   . -208.100 -162,700 
1200    . -207,950 -158,550 
1800    . -207,750 -154,450 
1400     . -207,550 -150,356 
1500    . -207,350 -146,300 
1600    . -207,200 -142,200 
I6sr>   . -207,050 -138.850 
1683 -218,150 -138,850 
1700    . -218,100 -138,050 
1800    . -218,000 -133.350 
190ö    . -217,850 -128,650 
2000    . -217,700 -123,950 

Phase changes of Oxide 
T.P.. 523ÜK ; A Ti   - 200 cal./mole 
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Silicon Dioxide, Si02 (page 3) 

c. HEAT AND FREE ENERGY OF FORMATION OF Si02 
(a-trid., jS-trid., 1) 

T> oK AH (C-a!./mole)         A F° (cal./mole) 

298.16.   . . . -209,400 (±1000) -196,500 (± 1000] 
390  -209,400 iSSä 
390  -209,400 "l^'SS 
400  -209,400 "jftl'äffi 
500  -209,200 ÜHm 
600  -209,100 " 83,600 
700  -208,900 " 79,400 
800  -208,700 i^'nnn 
900  -208,500 "ISA 

1000  -208,300 " 66,800 
1100   -208,100 if&SS 
1200 . -20^,900 -158,600 
1300 ::: : -207,700 - 54,400 
1400  -207,500 - 50,400 
1500   -207,300 -\1$M 
1600 .  -207,200 ißäS 
1683 -207,00« -138,800 
1683 : *.:.: -218,100 ilS-SS 
1700  -218,000 -}?|'SSS 
1800   -218,000 "lol'lm 
1900   -217,800 "}?f'ZSS 
1953 . . -217,700 -126,200 
1953 '.."... -215,600 ~\IW^ 
2000 ..... -215,200 -123,900 

Phase changes of Oxide 
T.P. (a-trid.top-trid.) ,390°K ;A H = 40cal./mole 

T.P.  (/9-trid. to /3-crist.), 1743°K ;Ä H = 30 cal./mole 
M.P., 1953°K ;A H = 2150 cal./mole 

Free Energy Equations : 
Reaction Range of Validity, °K 

1) Si (c) +02 (g) = Si02 (a-quartz) 298.16-848 
A F£ = -210,070 +3.981' logT-3.32 (10"8T2) +6.05 (lOT1) +34.59T 

2) Si (c) + 02 (g) = SiO, (/?-quartz) 848-1683 
AF^ = -209,920-3.36TlogT-,19 (10"3T2) -.745 (lO6!1-1) +53.44T 

3) Si (1) +02 (g) =Si02 (p-quartz) 1683-1883 
A F° = -219,000 +.58TlogT-.47 (10aT2) -.20 (10'T"1) +46.58T 

4) Sid) +02(g) =Si02 (1) 1883-2000 
A F$ = -228,590-15.66TlogT +103.97T 

5) Si (c) +02 (g) =Si02 (a-cristobalite) 298.16-523 
A F£ =-207,330 +19.96T log T -9.75 (lO-'T2) -.745 (105T-1) -9.78T 
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Silicon Dioxide, Si02 (page 4) 

6) SL (c) +02 (g) =SiOs (p-cristobalite) 523-1683 
A Fiji --209,820-3.341:logT -.24 (10 *T2) -,745 (10ST ') + 53.35T 

7)   Si (4)   + 0» (g) =SiOs (p-cristobalite) 1683-2000 
ilF^ -218,900 + .60T log T - .52 (10-3TS) -.20 (105T') +46.49T 

8)   Si(c) + 02(g) =Si02 (or-tridymite) 298.16-390 
A F$ =-207,030 + 22.291' log T - 11.62 (KMT2) -.745 (105T ') - 15.641' 

9)  Si(c) +02(g)=Si02 (p-tridymite) 390-1683 
A F£ = -209,350- 1.59T log T- .54 (10ST2) -.745 (105T-1) +47.861' 

10)  Si (1) + 02(g)=Si02 (p-tridymite) 1683-1953 
A F£ =-218.430 +2.351 •logT- -.82 (10->T») -.20 (lOT-1) +41.00T 

Entropy, eal./deg./mole at 298°K ; quartz, 10.00 1,9 
cristobalite, 10.19 1 
tridymite, 10.36 1 

See Table d 
Melting Point: 

See Crystalline Form 
Heat of Fusion, Kcal,/mole at 298°K : quartz, 2.04 9 

cristobalite, 3.6 ± 0.5 24 
Boiling Point: 2503°K (2230°C) 1 
Heat of Vaporization : 
Heat of Sublimation: 

4 

ST-SJSS.I.I 

cal./mole cal./deg. 
mole 

cal./mole cal./deg. 
mole 

400             1210 3.48 1200         14,080 20.90 
500            2560 6.48 1300         15,790 22.27 
523 (a)  . .  .           2910 7.16 1400 ■    17,510 23.54 
523 (ß)  . . .           3110 7.54 1500         19,240 24.74 
600            4310 9.68 1600   ....  .       20,990 25.87 
700           5850 12.05 1700  .  ....       22,750 26.93 
800               7460 14.20 1800        24,530 ' 27.95 
900            9090 16.12 1900        26,320 28.92 

1000         10,730 17.85 2000        28,120 .29.84 
1100          12,390 19.43 

Si02 (a-cristobalite) 
Enthalpy : HT - HW».1S -- 4.281' + 10.53 X lO"3!12 -2212 (10 percent; 298-523°K) 
Heat Capacity: CP =4.28 +21.06 X 10"3T; A HM, (transition) =200 

262 



Silicon Dioxide, Si02 (page 5) 

T,°K H-r — Hjflg.is ST- S298.1S 
cal./mole cal./deg. 

mole 

400   .... 1230 3.54 
500 2550 6.48 
600 3950 9.03 
700 5430 11.31 
800 6990 13.39 
900   . . . . 8610 15.30 

1000   . . . . 10,280 17.06 
1100 11.980 18.68 
1200    . . . . . ..     13,700 20.17 

T,°K HT 
— H298.in 

cal./mole 

1300  15,450 
1400  17,240 
1500   19,080 
1600  20,960 
1700  22,930 
1800  24,920 
1900  26,950 
2000  29.010 

Si03(gl): 
Enthalpy :HT -H298 „ = 13.38T + 1.84 X 10ST2 + 3.45 X lOT1 -5310 

■(0.4 percent ;298-2000°K) 

Heat Capacity :CP= 13.38 + 3.68 X 10*T2 -3.45 X 10BT-2 

f. HEAT CONTENT AND ENTROPY OF Si02(tridymite) 
(Base, «-crystals at 298.15°K)  

T, C'K HT - H098.15 

cal./mole 
ST — SüD*, IT, 

cal./deg. 
mole 

350   . . 
390 («) 
390 (ß) 
400 . . 
500 . . 
600 . . 
700 . . 
800 . . 
900 . . 

1000    .  . 

585 
1085 
1125 
1270 
2710 
4170 
5710 
7320 
8954) 

10.590 

1.81 
3.16 
3.26 
3.63 
6.84 
9.50 

11.87 
14.02 
15.94 
17.67 

T,°K HT - H29g.i5 

cal./mole 

1100 
1200 
1300 
1400 
1500 
1600 
1700. 
1800 
1900 
2000 

12,250 
13,940 
15,650 
17,370 
19,100 
20,860 
22,610 
24,390 
26,180 
27.980 

ST — S29B.1S 

cal./deg. 
mole 
21.57 
&.90 
24.17 
25.39 
26.57 
27.71 
28.81 
29.87 

ST — S298.15 

ca!./deg. 
mole 

19.25 
20.72 
22.09 
23.37 
24.56 
25.69 
26.75 
27.77 
28.74 
29.66 

Si02 (a-tridymite) 
Enthalpy :HT-H298.13 = 3.27T +12.40 X 10ST2- 2077 (0.2 percent ;298-390°K) 
Heat Capacity: C„ = 3.27 +24.80 X 10 3T ;A H39o (transition) =40 

Si02 (p-tridymite) : 
Enthalpy :HT-H29S.15 =13.64T + 1.32 X 10 3T* -4395 (0.7 percent ; 390-2000°K 
Heat Capacity: Cp= 13.64 +2.64 X 10-3T 
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Silicon Dioxide, SH>2 (page 6) 

5K: c, III 91   c, II 846 Transition Point, 
Heat of Transition, Kcal ./mole : 

Meat Capacity, cal./deg./mole 

0.15 

See Tables d, e, f 
Decomposition Temperature: 
Decomposition Products : 
Dissociation Pressures : 

Vapor Pressure : 

c, I 1140 tridymite, c, I 
0.12 

(solid) 10.62 
(gas)     7.14 

At 1173-1428°K and at 1900°K the gas is SiO. 

Press, mm. 10 40 100 400 760 [.P. 

Temp. °C 1732 1867 1969 2141 2227 1710 

X-Ray Crystallographic Data 

Substance System 
p-cristobalite (at290°C)     cub 
a-quartz hex 
^-quartz (at 600°C) hex 

ür-tsLdymite rhomb 
ft-trimydite hex 

Space 
Group or 

D|   or D| 
D^   orDg 

7.12 
4.903 
5.01 
9.88 
5.03 

17.1 

5.393 
5.47 
16.3 
8.22 

Molecules/ 
Unit Cell 

8 
3 
3 

64 
64 

12,14,25,29 

Hygroscopicity:   
Solubility Data: Soluble in HF; very slightly soluble in alkalies. Insoluble in 

water and acids.For the effect of particle size on the soly. of amorphous 
Si02 in water see Addnl. Ref. 1. 

Health Hazard : Prolonged exposure to SiO» dust causes disabling pulmonary 
fibrosis (silicosis). The presence of other dusts may reduce the action of 
the silica: this is particularly so with small amounts of Al dust. 
M.A.C, million particles per cu. ft. of air for an 8hr. working day. 

Silica—high (above 50% free Si02) : 5 
medium (5to 50% free Si02) : 20 
Pow (below 5% free Si02) : 50 

Safety Classifications : none listed in OSN ,ICC 
orU.N. 

Fire and Explosion Hazard:   
Electrostatic Sensitivity:   

TEMPERATURE STABILITY OF ALLOTROPIC FORMS OF Si02 Addnl Ref. 4 
Form Temperature Stability 

Low Ca; quartz Stable  at   atmospheric  temp,   and  up  to 
High (/?) quartz 573°C. 

Stable from 573 to 870°C; capable of exis- 
tence above 870°C but is not stable. 

Addnl. Ref. 3 

>3 

L, 18 

Low (a.) tridymite Capable of existence at atmospheric temp, 
and up to 117°C, but is not stable in this 
range. 
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Silicon Dioxide, SiOa (page 7) 

Lower-high (/3,) tridymite 

Upper-high (/}.,) tridymite 

Low (ajcristobalite 

High (ß) cristobalite 

Vitreous silica 

Capable of existence between 117and I63°C 
but is not stable in this range. 

Capable of existence above 163°C, and is 
stable from 870 to 1470°C ; above 1470°C is 
again unstable; melts at 1670°C. 

Capable of existence above 163°C, and up to 
200 to 275°C but is not stable in this range. 

Capable of existence above 200 to 275°C, and 
is stable from 1470 to 1710°C   (M.P.) . 

Capable of existence at atmospheric temps, 
and tip to 1000°C and above where it begins 
to crystallize with'measurable rapidity, but 
is an unstable undercooled liquid at all 
temps, below 1719°C, 

Use in Pyrotechnics : A product resulting from burning silicon or silicon com- 
pounds. 

Additional References: 
1) G. B. Alexander, J. Yhys. Chem. 61, 1563-64  (1957) 
2) Ref.44V15B 
3) L. Brewer and D. F. Mastick, J. Chem. Phys. 19, 834  (1951) 
4) "Crystal Chemistry in Ceramics: VI Polymorphism," W. Hauth Jr., 

Bull. Am. Ceram. Soc. SO, (5)  165-67 (1951). Cited by Ref. 65. 
5) 97V1 
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S«»«iliiim,Na (pagf 2) 

Na (c) : 
Enthalpy : HT- HM8.„ = 4.02T + 4.52 X 10-8T2 - 1699 (0.3 porcont ;29K 371°K) 

Heat Capacity :CP = 4.02 + 9.04 X 10 3T 

Na (1) : 
Enthalpy :HT-HMH,,B = 6.83T -1.08X 105T» -1107 (0.2 percent 371-1178°K) 

Heat Capacity :CP = 6.83 + 1.08X 108T2 

Na (g) : 
Enthalpy :HT-HM8.1B =4.97T + 24,365 (0.1 percent ;1178-2000°K) 

b. HEAT CONTENT AND ENTROPY OF Na (g ) 4 
(Base, ideal gas at 298.15°K). 

T,°K           HT-H29S.ir, ST —0298.16 T, °K HT "~ -Hj>il8.l.ri ST — S2D8.15 
cal./mole cal./deg. 

mole 
cal./mole cal./deg. 

mole 

400             505 1.46 1900  7960 9.20 
500   .....              1005 2.57 2000  8460 9.46 
600              1500 3.48 2200  9455 9.93 
700   . . , . .          1995 4.24 2400   ..... 10,450 10.37 
800           2495 4.90 2600      11,450 10.77 
900              2990 5.49 2800  12,455 11.14 

1000              3490 6.01 3000      13,470 11.49 
1100 3985 6.49 3500  16,055 12.29 
1200   .....          4480 6.92 4000  18,770 13.01 
1300           4980 7.32 4500  21,700 13.70 
1400    .....          5475 7.69 5000  25,015 14.40 
1500              5970 8.03 6000      33,755 15.98 
1600           6470 8.35 7000  46,850 18.02 
1700   .                      6965 8.65 8000  65,295 20.45 
1800           7460 8.93 

Na (g) : 
Enthalpy :HT-H2»8.,S = 4.97T -1482 (0.1 per cent;298-3000°K) 

4 

T,°K HT — H298.15 ST —0298,1.1 T,°K HT — H298.15 ST — S298.15 

cal./mole cal./deg. 
mole 

cal./mole cal./deg. 
mole 

400   .... 920 2.64 1300 9240 13.51 
500 1825 4.67 1400 10,185 14.21 
600   .... 2735 6.33 1500 11,135 14.87 
700 3655 7.75 1600   . .  . . 12,090 15.48 
800 4580 8.99 1800 14,010 16.61 
900   .... 5500 10.07 2000   .  . .  . 15,945 17.63 

1000    . . . . 6435 11.06 2200    . .  . . 17,895 18.56 
1100    . .  . . 7360. 11.94 2400 19,860 19.41 
1200    . . . . 8305 12.76 2600    .  .  . . 21,845 20.21 
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Sodium, Na (page 3) 

Na2(g) 
Enthalpy :HT-H298.15=8.961'+0.18 X 10-»T2 +0.10X 105TI-2721 

(0.1 percent ;298-2600°K) 
Heat Cap?   ty :CP =8.96 +0.36 X 103T-0.10X lO^T* 
Heat Capacity, cal./mole at 298°K : (solid) 6.74 (liquid) 7.50 

(gas)  (monatomic) 4.97 
(diatomic)      8.96 

d HEAT CAPACITY OF SODIUM 
Solid, 298-371°K 

Liquid, 371-1163°K 
Gas (monatomic), 1163-3000°K 

T,°K C £(caI./deg./mole) 
298 6.74 
300 6.75 
400 7.52 
600 7.10 
800 6.90 
1000 6.93 
1100 7.01 

1200-2000 4.97 
2400 4.99 
2800 5.04 
3000 5.03 

See equations above 

Decomposition Temperature : 
Decomposition Products : 
Vapor Pressure: 

Press. 10 40 100 400 760     M.P. QC 

Temp. °C 
logP=- 

439 549 633 701 823 

-rji l"4.521,where P=atm. andT = °K 

892 97.5 

X-Ray Crystallographic Data : 4 
System Space Group a Atoms/Unit Cell 

cubic °h 4.282 ,    2 

Hygroscopicity : Reacts vigorously with water to form NaOH "•" H2 

Caution : keep under kerosene. 

Solubility Data : In water, alcohol: decomposes 
In benzene, ether: insoluble 

Health Hazard : Extremely caustic to all tissues. Reacts exothermally with the 
moisture of the body or tissue surfaces causing thermal and chemical burns. 

Safety Classifications : 
OSM: class 2 
ICC :   Listed under "Explosives and Other Dangerous Articles" as a flam- 

mable solid ;yellow label. 

4,5 

I, 2 

Addnl. Ref.2 

1 

1,29 

1 

12,29 
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Sodium, Na (page 4) 

Fire and Explosion Hazard : Metallic sodium has an autoignition temperature 
of 115° in dry air. It is dangerous when exposed to heat, flame, moisture, 
air, or oxidizing material. It reacts exothermally with the halogens, acids, 
and halogenated hydrocarbons. 
Sodium must be kept dry to avoid explosions which may result from evolved 
hydrogen. When heated it emits toxic fumes of Na20. Metallic sodium 
should be stored in airtight, steel drums. To fight fire use soda ash, dry 
sodium chloride, powdered talc or graphite. Do not use CC1< on fire as an 
explosion may result. 

Electrostatic Sensitivity :   
Use in Pyrotechnics : As a fuel and to color 'burning compositions yellow. 

Additional References : 
1) "Sodium, Its Manufacture, Properties and Uses," M. Sittig, Reinhold 

Publishing Corp., New York (1956). See especially the chapter on physi- 
cal and thermodynamic properties. 

2) "Determination of the Vapor Pressure of Sodium," M. MaKansi et al., 
J. Phys. Chem. 59,40 (1955) 

3) C.A. 37, 2578 (1943) 

12,14,75, 
Addnl. Ret 3 
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SODIUM BICARBONATE, NaHCO, Rfifs. 

(Sodium Acid Carbonate, Baking Soda, Sodium Hydrogen Carbonate) 1,11, 29 

Specification No. : 

Mfolecular Weight: 

0-S-576B (technical 
grade) 

84.02 
Crystalline  Form : 
Color: 

monoclinic prisms 
white 

1 
1 

Density, g./ml. : 
Coefficient of Thermal Expansion : 
Heat of Formation, Kcal./mole at 298°K : 

(solid) 2.159-2.22 

(c) -226.5 

1 

1 

Free Energy of Formation, Kcal./mole at298°K 
Entropy, cal./deg./mole at 298°K : 

See table below 
Melting Point: 

:        (c) -203.6 
24.4 ± ,4 

loses C02 at 
543°K (270°C) 

1 
1,3 

1 

Heat of Fusion: 
Boiling Point: 
Heat of Vaporization: 
'Transition Point: 
Heat of Transition : 
Heat of Sublimation: 

HEAT CONTENT AND ENTROPY OF NaHCO, 
(Base, crystals at 298.15°K) 

4 

T, °K           HT-H2»8.i5 
cal./mole 

ST — 0298.15 

cal./deg. 
mole 

T,°K           HT-H298.1S 

cal./mole 
ST — 0298.15 
cal./deg. 

mole 

350   . . .     .          1140 3.52 400   .....         2320 6.67 

NaHC03(c) : 
Enthalpy :HT-H298.ir, = 10,19T +18.03X10"3T2-4641 (0.3 percent ;298-400°K) 
Heat Capacity :CP = 10.19+36.06 X 10'3T 

Decomposition Temperature: Begins to lose C02 at about 50°C, and at 100°C 
is converted to NaoCO.-;. In aqueous solution begins to break up into COs and 
Na2C03 at 20 °C and completely on boiling. 

Heat of Dissociation, cal./mole : 15,360 
Vapor Pressure of dissociation to (C02 "I" H20) is given by 

3340 
log Pmm. = 11.185 - Z,? 

Tabs. 
See also 42V7 

X-Ray Crystallographic Data : 

System 
monoclinic 

Space Group a 
6.19 

b 
6.72 

c 
6.49 

Axial Angle 
ß == 120° 42' 

Molecules/ 
Unit Cell 

4 

29 

Addnl. Ref. 2 

Addnl. Ref. 2 
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Sodium Bicarbonate, NaHCO» (page 2) 

gradually loses C02 and changes to NaHC03* Na2C03' H20 
Solul6» : In water : 6-9 g-/10° mL at °° and Wgntfy°sMleat 60°C 

Safety Classifications: inertmaterial 
OSM : not listed 
ICC : not listed 

Fire and Explosion Hazard: none 
Electrostatic Sensitivity :   
Use in Pyrotechnics: asaretardant 

Additional References : a 
1) Ref.52V10 
2) R. M. Caven and H. J. Sand, J. Chan. Soc. 99,1359 (1911) 

62 
1 
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SODIUM NITRATE, NaNO:; 
Refs. 

(Soda Niter, Oiile Niter, ('hilf Saltpeter, Nitratine, Cubic Niter) 1,11,12,29 

1' 
1 
40V2 

31 
1,9 
1,9 
1,9 

4 
4 
1 
4 
4 

4 

T,°K HT —  H29S.IS                 ÖT~   Ö298.1Ü 
cal./mole             cal./deg. 

mole 

T,°K HT — H 2»8. in 
cal./mole 

ST— Sa»«, J 5 
cal./deg, 

mole 

400  2495                     7.16 579.2 (ß) 9140 20.59 
500  5575                   14.01 579.2 (1) 12,630 26.62 
549.2 (a) . . 7260                   17.22 600   ... 13,400 27.93 
549.2 (ß)   . . 8070                    18.70 700   ... 17,100 33.63 

Heat Capacity: Cp =6.34 +53.32 X 10 3T 

NaN03fpJ: 
Enthalpy :HT-H298.15 =35.701' - 11,536(0.1 percent; 549,2-579.2°K) 

NaN08(l) : 
Enthalpy : HT - H„Ml,«= 37.00T - 8800 (0.1 percent; 579.2-700°K) 

Heat Capacity, cal./deg./mole : . 

See also table above 

(solid) 35.70 
(liquid) 37.00 
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Sudium Nitrale, NaNO» (page 2) 

Decomposition Temperature: 
For DTA and TGA seS Refs. 33, 47 

Decomposition Products : 
Vapor Pressure: 
X-Ray Crystallographic Data : 

380°C 

Na20+NO2 

System 
rhombohedral 
at 280°C 

hexagonal 

Space Group a 
6.3108 
6.56 
5.07 

Axial Angle 
a =47° 15'59" 
a=45°35' 
ß = 16.829 

Molecules/ 
Unit Cell 

2 

Hygroscopicity : Deliquesces in moist air. Keep container well closed. 
Critical R.H. : 82.7% at20°C (purified material) 
Gain of purified material   (41/*), at 70°F after 120 hours exposure : 

(at 70% R.H.) 11% 
(90% R.H.) 25.75% 

Water absorbed by 2.00ög. at 25° (40-80 mesh) : 

3 5% Hrs. 7% 16 

g.H20. absorbed 0.0713 0.1355 0.1970 0.3924 

Solubility Data : 
In water (g./100 xnl.) : 73atO°C; 180 at 100°C 
In NH3: very soluble 
In glycerine and acetone : slightly soluble 

Health Hazard : Moderately toxic. Large amounts taken internally may be fatal. 
Safety Classifications: 

OSM : Class 1, packed and stored in original shipping containers. 
Class 2, when not packed or stored in original shipping containers 
or equivalent. 

ICC :  Oxidizing material : yellow label. 
Fire and Explosion Hazard: Sodium nitrate is a dangerous fire and explosion 

hazard. It can ignite on friction. When heated above 1000°C or when heated 
with reducing materials, particularly cyanides, it emits toxic fumes on 
decomposition. 

Electrostatic Sensitivity:   
Use in Pyrotechnics: As an oxidizer, to impart a yellow color to burning compo- 

sitions, and incendiary mixtures. 

Additional References : 
1) "Hygroscopic Properties of Sodium, Potassium and Ammonium Ni- 

trates, Potassium Chlorate and Mercury Fulminate," G. B. Taylor and 
W. C. Cope, Met. & Chem. Eng. 15,141 (1916) 

L 

$3, 47 

L, 97V6 
L8 
)7V6 

29 
32 
33 

Addnl. Ref. 1 

12 

93,12 

12 
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SODIUM OXALATE 
Formula: Na,C204 

Specification No.: JAN-S-210 
Specification : The spec, covers one technical .g rade and three classes based on 

differences in granulation using U.S. standard sieves. 
Class a b                  c 
'Through 420 micron  (No .40 sieve) 

7c, min. 99 
Through 250 micron (No. 60 sieve) 

%,min. 99.9 
Through 149 micron (No. 100 sieve) 

%,min. 99.9 

Molecular Weight: 134.01 
Crystalline Form : crystalline powder 
Color:                           i white 
Density,  g./ml. : (solid) 2.34 
Coefficient of Thermal Expansion : 
Heat of Formation, Kcal./mole at 298°K : -314.3 
Free Energy of Formation: 

Entropy: 
Melting Point: 505°K (232-5°C) 
Heat of Fusion : 
Boiling Point: 
Transition Point:   

Heat of Sublimation: 
Heat Content or Enthalpy : 
Heat Capacity, cal./deg./mole : (solid) 34 
Decomposition Temperature, °C : 480 

For DTA see Addnl. Refs. 2, 3 
Decomposition Products : Na2COa +CO 
Vapor Pressure: 

X-Ray Crystallographic Data : 
Molecules/ 

System            Space Group            a b c           ß          Unit Cell 
monoclinic                  Cih                 10.35 5.26 3.46     92° 54"            2 

Hygroscopicity : Spec, grade (20^) 
Gain in wt. at70% R.H. and70°Fin 120hr. % :  0.02 
Gain in wt. at 90% R.H. and 70°Fin 120hr. % 0.02 
Material dried at 240°C is not hygroscopic 

Solubility Data: In water at 20°C: 3.7g./100g. 
100°C : 6.33g./100g. 

In alcohol: insoluble 

Refs. 

29 
29 
1 

1,9 

Addnl. Ref. 1 

L8 

33 

44V21 

1 

29 
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Sodium Oxalate (page 2) 

Health Hazard : A strong poison. Corrosive and produces local irritation. Taken    12, 29 
orally has a caustic effect on the mouth, esophagus and stomach. Can cause 
severe damage to the kidneys. 

Safe^Jassifications : ^.^ 

ICC: not listed 

Fire and Explosion Hazard : Dangerous when heated to decomposition : emits 

ElectaaBfe&PB&isitivity:   

12 

Use In Pyrotechnics: As a retardant and to impart a yellow color to burning    17 
compositions. 

Additional References : 
1) C.A.43,1891 (1954) 
2) CA. 49,14461(1955) 
3) CA. 50,7672 (1956) 
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SODIUM OXIDE, Na20 
(Sodium Monoxide) 

Specification No. : 

Molecular Weight: 61.99 
Crystalline Form : deliquesces in air 

Color: ,vhite 
Turns yellow on heating 

Density, g./ml. : (solid) 2.27 
Coefficient of Thermal Expansion : 
Heat of Formation, Kcal./mole at 298°K : (c)-99.4 ± 1.5 

See Table a 

Free Energy of Formation, Kcal,/mole at298°K (c)-89.9 ± 1.9 
See Table a 

a. HEAT AND FREE ENERGY OF FORMATION OF Na20 (c, 1) 

T, °K                         AH (cal./mole) AF° (cal./mole) 

298.16.   . . .                  -99,400 (± 1600) -89,900 (± 1900) 
371                         -99,400 -87,500 
371                 -100,700 -87,500 
400                 -100,700 -86,500 
500                 -100,600 -83,000 

Refs. 

1 

1 
50V12 

1 

2,9 

600        -100,600 -79,400 
700       -100,500 -75,900 
800       -100,400 -72,400 
900       -100,200 -69,000 

1000         -99,900 -65,500 
1100        -99,500 -62,100 
1187        -99,100 59,100 
1187        -145,300 -59,100 
1190 .....      -145,300 -58,900 
1190       -138,200 -58,900 
1200       -138,100 -58,200. 
1300       -137,100 -51,600 
1400       -136,100 -45,100 
1500         -135,100 -38,600 
1600       -134,100 -32,200 
1700       -133,100 -25,900 
1800        -132,100 -19,600 
1900       -131,100 -13,400 
2000  -130,100 -7200 

Phase Changes of Metal 
M.P. /371°K ;A H = 625 cal./g.-atom 

B.P., 1187°K ;AH = 23,120 cal./g.-atom 
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Sodium Oxide, Na20 (page 2) 

Entropy, cal./deg./mole at 298' K : (c) 17.4 9 

See Table b 
Melting Point: 1190°K (917°C) 2 

Heat of Fusion. cal./mole : 7140 2 

Boiling Point: sublimes at 
1548°K (1275°C) 1 

T, °K HT — Hj98,l5 ST —02*8.15 T,°K          HT - IW15 ST — Sass.i.i 

cal./mole cal./deg. 
mole 

cal./mole cal./deg. 
mole 

400  1750 5.05 800           9350 18.16 
500  3600 9.17 900        11,350 2&» 
600  5500 12.63 1000           13,500 
700   ..... 7400 . 15.56 1100        15,750 24.93 

Na20 (c) : 
Enthalpy :HT -H298.,5 = 15.70T +2.70 x 10-SfP -4921 (0.percent ;298-1100°K) 
Heat Capacity :CP = 15.40 + 5.40 X 10-ST 

Na202(c) : 
Heat Capacity :CP = 21.35 (298°K) 

Free Energy Equations: 
Reaction Range of Validity, °K 

1) 2Na (c) +V202 (g) =Na20 (c) 298.16-371 
AF^ = -99,820-7.51TlogT+5.47 (10»Ti!) -.10 (105T-») +50.43T 

2) 2 Na (1) + 1/2 02 (g) =Na20 (c) 371-1187 
AF£ =-100,150 + 4.97TlogT-2,45 (10ST2) -.10 (lO6?"1) +22.191' 

3) 2 Na (g) + Vi 02 (g) - Na20 (c) 
A F£ =- 156,280-20.72T logT + 145.48T 

4) 2 Na (g) + i/2 02 (g) = Na20 (1) 
A F£ = -150,250 -23.03T log T +147.58T 

Heat Capacity, cal./deg./mole at 298°K : 
See Table b 

Decomposition Temperature : 
Decomposition Products : 

1187-1190 

1190-2000 

(solid) 17.24 

above 400° C 
Na + O on vaporization 

Vapor Pressure  (of alkali oxide and alkali metal in equil. with solid alkali 
oxide) atm. at 1000°K ^ (calcd.) 10"» 

Addnl. Refs. 
1,2 

Addnl. Refs. 
1,2 

Addnl. Ref. 3 
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Sodium Oxide, Na^O (page .3) 

X-Ray Crystallographic Data : 
System Space Group a Molecules/Unit Cell 1^ 

cubic 5.55 
Hygroscopicity: NaäO reacts vigorously with water with considerable evolution 

of heat. Keep containers tightly closed. 
Solubility Data : In water and alcohol: decomposes 

Reacts to neutralize acids. 
Health Hazard: Very caustic and dangerous to all tissues. To minimize its 

effects, wash the area with large volumes of water. Injured person should 
see a physician. 12 
Caution : Do not handle with bare hands. Avoid contact with skin. 
M.A.C., mg./m.3 of air : 2 

Safety Classifications: 
OSM : not specifically mentioned 
ICC : not specifically mentioned 
Alkaline caustic liquids (not otherwise specified)   are classed as corrosive 
liquids and listed under "'Explosives and Other Dangerous Articles." 
Coast Guard: hazardous material 
UN: class8 (alkaline 

corrosives) 
Fire and Explosion Hazard : Sodium hydroxide formed by the action of water 

on Na20 may become a fire hazard when mixed with nitro compounds and 
other materials.  (This hazard must be even greater with powdered, solid 
Na20.) 

Electrostatic Sensitivity :   
Use in Pyrotechnics : Product of the burning of many sodium compounds 

Additional References: 
1) "Sodium, Its Manufacture, Properties and Uses," M. Sittig, Reinhold 

Publishing Co., New York (1956) 
2) "The Vapor Pressures of Lithium and Sodium Oxides," L. Brewer and 

J. Margrave, J. Phys. Chem. 59,421 (1956) 
3) "Stability of Gaseous Alkali and Alkaline Earth Oxides," L. Brewer 

and D. F.Mastick, J. Am. Chem. Soc. 78, 2045 (1951) 
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STEARIC ACID, CH(CHj,(1COOH or C,7H, COOH 
(^Octudeeanoie Acid, N-Octadecyclic Acid) 

Specification No. : MIL-A-271 
The spec, covers two grades : Grade I in loading ammo. Grade II used as a 
lubricant, in the pelleting of explosives. 

Molecular Weight: 284.47 

Crystalline Form 
Color: 

monoclinic leaflets 
colorless 

At room temperature stearic acid is a white, fairly hard, wax-like material. 
It is usually obtained either from fats and oils by hydrolysis and distillation or 
from oleic acid by hydrogenation. Pearl stearic acid is the material in free flow- 
ing powdered bead form for compounding purposes. Stearic acid is also mar- 
keted in cakes, powder or flake form, as single, double, or triple-pressed. Suc- 
cessive chillings and pressings remove more of the unsaturated liquid oils (par- 
ticularly oleic acid), thus raising the melting point and giving a whiter, purer 
product. Synthetic stearic acid is also made by hydrogenation of unsaturated 
animal and fiäioils. 
Density, g./ml,: 
Coefficient of Thermal Expansion, cubical, 

Heat of Formation, Kcal./mole at 18°C, 
at constant press, 
at constant vol. : 

(solid) 847 at 69°C 

81 X 10 e 

-223.8 
-212.8 

342.5°K (69.4°C) 
342.7°K (69.6°C) 
47.6 
656°K (383°C) 

Free Energy of Formation: 
Entropy: 
Melting Point : 

Heat of Fusion, cal./g.: 
Boiling  Point: 
Transition Point:   
Heat of Sublimation :   
Heat Content or Enthalpy:   
Heat Capacity: '   

Decomposition Temperature and Products : For DTA see Addnl. Ref. 3 
Vapor Pressure, mm. at 60°C : 1.42 X 10 s 

Press, mm. 1 PO 40 100 400 760 M.P. 
Temp. °C 173.9 225.0 263.3 291.0 343.0 370.0d 69.3 . 

X-Ray Crystailographic Data 

System       Space Group a b           c Axial Angle 

monoclinic       C;>h orCih 5.546 7.381   48.84 ß =63° 38' 

[ygroscopicity: 
5.68 4.39    50.07 /3 = 60° 

Molecules/ 
Unit Cell 

Refs. 

6.22 

(1 

1 
Addnl. Ref. 2 
1 
1 

Addnl. Ref. 1 

Addnl. Ref. 2 
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Stearic Acid (page 2) 

Solubility Data : In water : 0.00029 g./lOO g. at20°C; 0.034 at 25°C and 
0.1g./ml.at37°C 

In alcohol: 2.5g,/100ml. 

In ether: varvsoluble 

Foradailionarfeoivl'ntaataseeAddnl. Ref. 2 
Health Hazard : Negligible. Used to coat medicinal pills and in face creams. 
Safety Classifications : 

OSM : not listed 
_.    ICG"       ,    .      TT        ,    _     ,      ., ,     __ notlisted _ , 
rire and Explosion Hazard: Combustible. To ficfct tire use water, toam, dry 

chemical, orcarbon tetrachloride. 

Electrostatic Sensitivity : 
Specific Heat, cal./g. at 15°C : 

Liquid at74-137°C : 
Refractive Index, at 80.2°C : 
Heat of Combustion, Kcal./mole (H20 liquid) 

0.399 

at 2Q°C : 
Flash Point, °F: 

Ignition Temperature, °F : 
Neutralization Value : 
Use in Pyrotechnics: 

Additional References : 

2711.8 
(closed cup) 385 
(open cup)   425 

743 
197.23 , 
as a fuel, retardant, 

binder, and lubricant 

1) "The Vapor Pressure of Some Solid Organic Compounds," R. L. Little- 
wood, J. Chem. Soc. 1957,2419 

2) "Fatty Acids," K. S. Markley, Ed., Interscience Pub. Co., New York 
(I960) 

3) J. Phys. Chern. 60 1487 (1956) 
4) E. Medard, Mem. artillerie franc. 28,465 (1954) 

1,29 

29 

67,75 

1 

1 

75 
67,71 
Addnl. Ref. 2 
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STRONTIUM CHLORIDE, Sri! 

Specification No. : 
Molecular Weight : 
Crystalline Form : 
Color : 
Density,  g./ml. : 

(liquid) Dt = 2.69-0.00045 (to900°C) 
Temp. °C        900 950 1000 

158.M 
cubic 
colorless 
(solid) 3.052 

1050 

Density       • 2.69 2.67 2.645 2.62 

Coefficient of Thermal Expansion, cubic at 870°C :       166 X 10c 

Heat of Formation, Kcal./mole at298°K : (c)-198.0 
Free Energy of Formation, Kcal./mole at298°K : 

Entropy, cal./deg./mole at 298°K : 

Melting Point, °C : 

Heat of Fusion, Kcal./mole at 1148°K (875°C) : 

Boiling Point,  °C: 

Heat of Vaporization, Kcal./mole : 
Transition Point : 
Heat of Sublimation : 
Heat Content or Enthalpy: 
Heat Capacity, cal./deg./mole: 

C„ =18.20 +2.45 X 10-3(est'dover298 -1145°K) 
See also Ref. 24A 

Decomposition Temperature : Noticeable above approx. 955°C 
Heating in air or 02 at red heat slowly changes the chloride to the oxide 

Decomposition Products : 
Vapor Pressure:   
X-Ray Crystallographic Data : 

System Space Group a Molecules/ Unit Cell 
cubic Og 6.9767 

Hygroscopicity : hygroscopic 
very hygroscopic 

(c)-186.7 
-187.5 

28 
31.7 
873 
875 
4.2 
4.1 
4.1 ± 0.6 
1300 
1250 

55 

(solid) 18.9 

fiefs. 

1A 
1A 
1A 

44829 

44829 
9,248 
9 
6 
9,318 
6 
1A.24A 
41 
44S29 
9,41,6 
24A 
44329 
52 
6 

9 
4 

44829 
52V11, 54V3 

97V4 

44829 
52V11 
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Strontium Chloride, SrCl2 (page 2) 

Solubility Data : In H20, g./100 ml. 43.5 at 0°C and 100.8 at 100°C 1A 
In absolute alcohol, acetic acid : very slightly soluble 
In NH3 : insoluble 

Health Hazard : Probably slight. The Sr ion has a low order of toxicity. 12 
Safety Classifications: 

OSM : not listed 
ICC : not listed 

Fire and Explosion Hazard:   
Electrostatic Sensitivity :   
Use in pyrotechnics : to color burning 

compositions crimson 

282 



STRONTIUM NITRATE,  Sr (NO,)2 

Specification No.: 
The spec, covers one grade and three classes w 

Molecular Weight: 
Crystalline Form : 
Color : 
Density, g./ml. : 
Coefficient of Thermal Expansion, linear, 30-75°C : 
Heat of Formation, Kcal./mole at 298°K : 
Free Energy of Formation, Kcal./mole at298.16°K : 
Entropy, cal./mole at 298.16°K : 
Melting Point: 

Heat of Fusion: 

Boiling Point: 
Transition Point: 
Heat of Sublimation : 
Heat Content or Enthalpy : 
Heat Capacity, cal./deg./mole : 
Decomposition Temperature, °C : 

For DTA and TGA see Ref. 33 
Vigorous bubbling at 672°C 

Decomposition Products : 

MIL-S-20322 
hich differ in granulation. 
211.65 
cubic I 
colorless [ 

(solid) 2.986 1 
a= 3.22X105 14S29 sup 
-233.25 1,9 
-185.8 B5 
47.4 86 
918°K (645°C) 9 
891°K (618°C) 47 

decomposes 580-600°C Addnl. Ref. 1 

(solid) 38.3  (290-320°K) 4 
580-600 Addnl. Ref. 1 

SrO +NO, ;toxic fumes 
emitted 

Vapor Pressure : 

X-Ray Crystallographic Data : 

System Space Group 
T6 

a 
ubic '■h 7.81 

Hygroscopicity (gain, mg./g., at R.T. after equilibr 
a vacuum desiccator) : 

Molecules/Unit Cell 
4 

ium has been established in 

%,R.H. 
Purified 
Spec, grade 

65 
24 hr.    equil. 

0.3 
0.3 

<.l 

75 
24 hr.    equil. 

0.1 
0.5 
0.2 

86 
24'hr.    equil. 

93 
24 hr.    equil. 

312.6       — 

Critical R.H. : purified 82.7% at20°C 
spec, grade 82.9%at    . 

26.2°C 
Solubility Data : In water (g./100ml.) 40.1 at0° and 100at90°C 

I nabs, alcohol, NH3: very slightly soluble 
In acetone : slightly soluble 

Kefs. 

47 
47 

1 

32 
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Strontium Nitrate, Sr (N03)2 (page 2) 

Health Hazard : Moderately toxic. Large amounts taken by mouth may have    93, 12 
fatal effects. Sr(NOs)j emits toxic fumes on decomposition. 

Safety Classifications: 
OSM : Class l,in original containers. 

Class 2 when not packed or stored in original shipping containers 
or equivalent. 

ICC :   Oxidizing material; yellow label. 
Fire and Explosion Hazard : A fire and explosion hazard. As an oxidizer it can    12, 14 

give up its oxygen to other materials to produce a vigorous reaction which 
may result in detonation. Toxic fumes are emitted on decomposition. 

Electrostatic Sensitivity :   
Use in Pyrotechnics: An oxidizer and to impart a crimson color to burning     17 

compositions.   (Nonhygroscopic strontium nitrate is used in tracer and 
pyrotechnic compositions that are sensitive to deterioration by moisture.) 

Additional References : 
1) C.A.$9,12932(1955) 



STRONTIUM OXALATE ANHYDROUS AND MONOHYDRATE, 
SrC.04 and SrC04-HaO 

Specification No. : MIL-S-12210 

The spec, covers both the anhydrous salt and the monohydrate : Grade A, 
anhydrous, and Grade B, hydrated. The two grades differ also in granu- 
lation. 

Molecular Weight 

Crystalline Form : 
Color: 

(anhydrous) 183.65 
(monohydrate) 193.67 

colorless 

Refs. 

Addnl. Ref. 1 

Density, g./ml. :   
Heat of Formation, Kcal./mole at 18°C, anhydrous: 

at constant press.:  -327.7 
at constant vol.:     -326.5 

Free Energy of Formation, Kcal./mole at 18°C, monohydrate : 
(C) 360.8 

Entropy:   
Melting Point: See Decomposition Temperature below 
Heat of Fusion:   
Boiling Point:   
Tiansition Point:   
R>at oi ..Sublimation:   
Heat Cc:.tent or Enthalpy:   
Heat Capacity :   \ 
Decomposition Temperature: TGA. The hydrate begins to lose H20 at 43°C. i Addnl. Ref. 2 

All * he water is off by 177°C. On further heating the weight remains con- '' 
stas . up to around 400°C. " ' 

Decomp aition Products: Dissociates into SrC03 and dangerous CO over the | Addnl. Ref. 2 
ran d 400-520°C. 
tsoe graph below 

Vapor I   essuro:   
X-Ray I  ystai'lographic Data for SrC204 *2V^ H20 

teti\..   aal 
space Group 

C?h 12?795 7.509 
Molecules/Unit C<;U 

Hygros*   picity :   
Solubili     Data: For SrC20., • H^O, required for solution of lpart: 2000 parts 

ater, 1900 parts of .3.5%. acetic.acid,, 1115.parts of.23^» acetic acid, 

18V2 

29 
or 

olublo in 31 
>arts of 3.5% acetic acid, 1115 parts of 23% acetic aci 
>% acetic acid. Readily soluble in dilute HC1 or HNO:, 

1 

Health azard : Highly toxic. Corrosive and produces local irritation. When  j 12 
tak i oraliy may have a caustic effect on the mouth, esophagus and stomach.  | 93 

Safety i assifications : 
OSI : not listed 
ICC not listed 'i 
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Strontium Oxalate Anhydrous and Monohydrate (page 2) 

Fire and Explosion Hazard: Dangerous when heated to decomposition. Emits 
poisonous carbon monoxide. 

Electrostatic Sensitivity :   
Use in Pyrotechnics: SrC204 and SrCjCVHgO are used as retardants and to 

impart a scarlet color to burning compositions. 

PYROLYSIS OF SrC204-H20 

0.506g 

12 

17 

Temperature °C 
Addiii.Ref. 2 

Additional Rei  : ences 

1) L. Mec rd, Mem artillerie franq. 28, 467 (1954) 
2) S. Peh   r and C. Duval, Anal. Chem. Acta. 1, 358 (1947) 
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STRONTIUM PERCHLORATE,  Sr(C10j, Refs. 

286.54 
44.67 

colorless 

-184 (estd.) 

Specification No. : 
Molecular Weight : 
Percent  Oxygen : 
Crystalline Form: 
i.olor : 
Density,   g./ml. : 
Coefficient of Thermal Expansion : 
Heat of Formation, Kcal./mole at298°K : 
Free Energy of Formation,:   
Entropy :   
Melting Point:   
Heat of Fusion :  . 
Boiling Point:   * 
Transition Point:   
Heat of Sublimation :   
Heat Content or Enthalpy:   
Heat Capacity :   

Decomposition' Temperature : Vigorous decomposition at 477°C. 
For DTA and TGA see Ref. 33 

Decomposition Products:   
Vapor Pressure:   

X-Ray Crystallographic Data:   
Hygroseop.city:   
Solubility Data: In water, 310 g./lOO ml. at 25°C ; very soluble in hot water 

Soiubiiity in Organic Solvents at 25°C : 
Solvent g./100 g. solvent 

Methyl alcohol 212.01 
Ethyl alcohol 180.66 
Acetone 150.06 
Ethyl acetate 136.93 
Ethyl ether >.        insoluble 

Health Hazard: Avoid contact. Irritating to skin and mucous membrane. 
Safety Cia; sifications : 

OSM : Class 1. Class 2 when not packed or stored in original shipping con- 
cainers or equivalent. 

ICC:    Oxidizing material ; yellow label.  Listed under  "Explosives  and 
3ther Dangerous Articles." 

Fire and E plosion Hazard : Can be exploded by shock, heat, or chemical action. 
It is a . explosive hazard when mixed with carbonaceous materials, finely 
divide,, metals, or sulfur. It emits highly toxic fumes. Fires involving the 
perchi. rate alone may oe fought with water. 

Use m Pyr technics: As an oxidizer and to impart a scarlet color to burning 
compo. itions. 

12 

47 

1 

12,11 

12 

12,14 
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STRONTIUM PEROXIDE , SrO, Refs. 

Percent Oxygen : 26.75 
Specification No. : JAN-S-612 

Covers twogradesthat differ in purity and granulation. 
Molecular Weight : 119.63 
Crystalline Form : powder 1 
Color : white 
Density, g./ml. : (solid) 4.56 1 
Coefficientof Thermal Expansion : 
Heat of Formation; Kcal./mole at 298°K: -153.6 1,9 

See table below 
Free Energy of Formation, Kcal./mole at298°K : -141 2 

See table below 

HEAT AND FREE ENERGY OF FORMATION OF SrOa(c) 4 

T^K A H (cal./mole) A F° (cal./mole) 
298.16 . 
400 . . 
500 . . 
600 .  . 
700 . . 
800 . . 
900 

.1000 . . 

-153,500(: 
-153,000 
-153,000 
-152,500 
-152,000 
-151,500 
-151,000 
-150,500 

5000) -141,000 (: 
-137,000  . 
-133,008 
-129,000 
-125,000 
-121,500 
-117,500 
-114,000 

6000) 

Free Energy Equation : 

Reaction Range of Validity, °K 
Sr (c) +02 (g) =SrOa (c)     , 298.16-1000      , 
a F?. = -155,510 -11.40TIogT +.305 (10STS) +.675 (10ST ') +75.44T 

Entropy, cai./deg./mole at 298°K : 14.8 
For calculation see thermodynamic equation in Ref. 2 

Melting Point: decomposes at 488°K 
(2lS°C) 

Heat of Fus.on:   
Boiiing Poinc :   
Transition I oint :   
Heat of Sub,imation :   
Heat Conter: or Enthalpy:1* 

For calculation see thermodynamic equation in Ref. 2 
Heat Capacuy : 

For calculation see thermodynamic equation in Ref. 2 

6,8 
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Strontium Peroxide, Sr02 (page 2) 

Decomposition Temperature : 

Decomposition Products : 
Vapor Pressure:  Dissociation Pressure between 322 and 800° is given by 

20280 ._0-010T +L75T +2.8 

dissociates at 
357°C 
480°C 
410°C andTGA 

P     = — 
4.5711' 

Addnl. Ref. 2 
Addnl. Ref. 3 
Addnl. Ref. 4 

Addnl. Ref. 
1 

31% R.H. 43;; R.H. 52;>,   R.H. 65% R 1. 

24 hi.. equil. 24 hr.    equil. 24 hr.     equil. 24 hr.     equil. 

;>.4 4.5 0.6        2.2 2.3       21.4 84.3      178.3 
56.3       136.0 

75% R.H. 86-7;   R.K. 93% R.H. 

1       24 hr.    equil. 24 hr.     equil. 24 hr.     equil. 

210.5     474.7 
161.0     356.0 

418.4        S 
251.0     682.0 

S            S 
354.0    834.0 

Addnl. Ref. 2 

Addnl. Ref. 2 

97V6 

29 
32 
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Strontium Peroxide, SrOj (page 3) 

Fire and Explosion Hazard : Heat, shock, or catalysts may cause violent decom-    12,14 
position. Reacts violently when heated with reducing materials. Contact 
with water produces heat. 

Electrostatic Sensitivity:   
Use in Pyrotechnics : As an oxidizer to impart a red color to burning composi-    17 

tions. 

Additional References : 
1) "Direct Oxidation under High Pressures. The Oxides of Strontium, 

Barium, Lead, Manganese and Cobalt," C. B. Holtermann, Ann. Chim. 
24,121 (1940). C.A. 35, 7859 (1941) 

2) "On the Formation and Dissociation of Strontium Peroxide," C. Holter- 
mann and P. Lafitte, Comptrend. 208,617 (1939). C.A. 33,2833 (1939) 

3) "Heating Curves for the Hydrates of the Peroxides of Group II Metals," 
I. I. Vofnov, CA 52, 19384 (1958) 

4) "Thermography of Peroxide Compounds," I. I. Vol'nov, CA. 48, 7416 
(1954) 
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SUGAR 
(Cane Sugar, Sucrose, Saccharose, 

( a—D—glucosido ) —ß—D—f ructof uranoside 
o—D—glucopyranosido—ß—D—f ructof uranoMide) 

Formula : 

Specification No. 

H-<J< 

HO • <J • H 
I 

HtC 

O 
i 

OH 

CHaOH 

HO-CH    J 1        V HC-OH n   ti   r\ 

HC- 
I 

CHjOH CHjOH JJJ.S-00791C 
The specification covers two types of beet or cane sugar. T^pe 1: white 
hard, refined (a) granulated or (b) powdered ; and Type 2 : brown, sof 
(a) light (b) medium and (c) dark. Type 1 granulated is used for pyro 
technics. 

Molecular Weight : 
Crystalline, Form : 

For crystallography see Addnl. Ref. 3 
Sucrose crystals are triboluminescent. 

Color: 
Density, g./ml. at 15°C : 

Coefficient of Thermal Expansion, linear for 

longest axis : 
width : 
shortest: 
cubical (calculated) : 

Heat of Formation, Kcal./mole at 18°C : 

Free Energy of Formation : 
Entropy, cal/deg./mole at 298°K : 

Melting Point (when crystallized from alcohol) 

342.30 
needles (from alcohol), 

monoclinic 

white 
crystallized, 1.5879 
powdered,     1.5897 

28 X 10-1 

50 X ICH 
29 X 10-" 
1.1 xio-4 

Hp= -536.5 
Hv=-527 

.1 

461°K (188°C,decomp.) 
458 (185-6°C) 

When sucrose is heated cautiously to the melting point (185-186°C) it 
forms a viscous, colorless melt; however, when heated longer or to a higher 
temperature decomposition takes place. 

Heat of Fusion, Kcal./mole : (decomposes) 4.6 

Refs. 

1 
29 

Addnl. Ref. 5 

1,29 

1 
Addnl. Ref. 

3vl 
Addnl. Ref. 

3V1 

Addnl. Ref. 1 

Addnl. Ref. 
3V1 

L 
\ddnl. Ref. 

3vl 

Addnl. Ref. 
3vl 
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decomposes 

Sugar(page 2) 

Boiling Point: 
Transition Point: 
Heat of Sublimation : 
Heat Content or Enthalpy 
Heat Capacity : 

Molar Heat and Specific Heat of Crystallized Sucrose: 

Temp. °C 0 20 40 60 80 90 

Cp (cal./mole) 92.1 99.3 108 116 125 129 
Cp (cal./g.)       . 0.260 0.290 0.316 0.339 0.366 0.377 

Addnl. Ref. 
3V1 

29 
29,50 

Decomposition Temperature, °C : 160-186 
Decomposition Products: Loses water, caramelizes, and then chars when heated 

above its melting point. 
For DTA see Addnl. Ref. 4 

Vapor Pressure:   
X-Ray Crystallographic Data : 

Molecules/ 
System SpaceGroup       a b        c        Axial Angle     Unit Ceü 

monoclinic C2 10.89   8.69    7.77 103° 2 

Hygroscopicity:  Powdered sugar absorbs up to 1% moisture in air, which is    29 
given up on heating at 90°C. 

Solubility of Sucrose in Water: 
Temp. °C 0 20 40 60 80 90 

j 18 
! 85 

100 

g./lOOg, H20       179.2     203.9     238.1      287.3      362.2      415.7     487.2 

Solubility: Bi alcohol and methanol ca. lg,/100 ml. Moderate sol glycerol and 
pyridme. Sol ether common organic solvents. Insoluble in gasoline, CHC13, 
CCU, turpentine. Noticeably soluble in aniline, ethyl acetate, and amyl 
acetate. 

Health Hazard: nontoxic 

Safety Classification : •»•» not listed 
Fire and Explosion Hazard, 

Autoignition Temperature, °C : 385 
Electrostatic Sensitivity :   

Specific Keat, cal./15°g./°C at 20°C: 0.299 
or, , 

Optical Rotation: «-sp (2 6 g. in 100 mi. H20,2 dm tube) "•" 66.47 to 66.49 depend 

ing on tne solvent i'roi# which it is crystallized. 
Heac of Conibastion, iCcal.'mole: 1351.3 

Kcal./g.: 3.949 
I-dCj in Pyorechnics: as a fuel 

1 
29 
Addnl. Ref. 3 

71 

1 

29 

kddnl. Ref. 3 

50 
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Sugar (page 3) 

Additional References: 
1) L.Medard, Mem artillerief ran? 28,481 (1954) 
2) "On Saccharose B," A. Pictet and H. Vogel, Helv. Chim. Acta 11, 901 

(1928) 
3) "Principles of Sugar Technology," P. Honig, Ed., Vol. 1, Elaevier Pub- 

lishing Co., New York (1953) 
4) "Differentisl Thermal Analysis of Organic Compounds," A. T. Perkins 

and H. L. Mitchell, Transactions of The Kansas Academy of Science 
60,No.4pp.437-40 (1967) 

5) "X-Ray Examination of Sucrose," C. A. Beeves and W. Cochran, 
Nature 257,872 (1946) 
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SULFUR (SULPHUR),   S„ 
(Flowers of Sulfur, Milk of Sulfur, Brimstone) 

Specification No. : JÄN-S-487 
The specification covers five grades of ground S: 

A, ground crude S used for black powder. 
B, ground crude S used for pyrotechnics compositions. 
C, ground crude S used for pyrotechnics compositions. 
D, ground refined S used for nongaseous powders and primer compo- 

sitions. 
E, ground crude S used for pyrotechnic compositions. The grades dif- 

fer slightly in purity and in granulation. 

Molecular Weight: 256.53 
Crystalline Form : (a) rhombic, (/?) monoclinic,  (y) amorphous 

Color: yellow 
Forms of Sulfur: Solid sulfur (S) exists in two crystalline forms, rhombic and 

monoclinic, and also as an elastomer. The rhombic form is stable at ordi- 
nary temperatures. Above the transition temperature of 95.4°C and up to 
the boiling point monoclinic S is the stable variety. Elastic S is prepared 
by rapidly chilling liquid S which has been heated to elevated temperatures. 
The infrared spectrum is identical with that of liquid S. On melting, S 
becomes a straw-yellow transparent liquid, designated as A S. The liquid 
may be supercooled in bulk far below its freezingpointto room temperature 
in the form of dropiets which in time may solidify to a clear yellow glass. 
At about 160°C, the liquid is dark brown. Its color deepens as the tempera- 
ture is raised, and above 250°C, it turns brownish-black. Apparently the 
structure of the liquid undergoes an abrupt change at about 160°, and this 
transformation is accompanied by the absorption of 2.751 cal./g. The sud- 
aen and enormous increase in viscosity which occurs at this temperature 
is one indication of a structural alteration. Other properties show amarked 
discontinuity. Long chain polymers referred to as p. S, in equilibrium with 
rings of octatomic molecules, apparently exist in the liquid above 160°. 
Beyond 230° the viscosity decreases but the color remains dark up to the 
boiling point, 444.6°C. If S at the boiling point is cooled slowly, it passes 
through the changes described above in the reverse order. 
"Flowers" of sulfur is a term applied to the mined molten S which is finely 
ground. It is the type used for pyrotechnic purposes. 

Density, g./rnl.: 

Refs. 

Coefficient of Thermal Expansion : 

(solid) rhombic 2.07 
monoclinic 1.96 
amorphous 1.92 

Temp. °C Linear (rhombic) Cubic (rhombic) 

6-13 4.567 X 10-5 13.70 X lO"5 

13-50 7.433 X 105 22.30 X 10-« 
50-78 8.633 X 10 5 25.90 X 10° 
78-97 20.67 X 10-5 62.01 X 10 5 

97-110 103.2 X 10-5 309.6 x 10 s 

1,46 

46 

20V3 

1,46 

46 
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Sulfur (Sulphur) S8 (page 2) 

Heat of Formation, Kcal./mole at 298°K: (gas) 53.25 
Free Energy of Formation, Kcal./mole at298°K :        (gas) 43.57 
Entropy, cal./deg./mole at 298°K : (rhombic)      7.62 

(monoclinic) 7.78 
See Tables a, b, c, d 

Melting Point, °C: (a) 112.8(j3) 119.25(y) about 120 
Heat of Fusion, cal./g. : (rhombic)      11.9 

. (monoclinic)    9.2 
Boiling Point, °C: 444.6 
Heat of Vaporization, cal./mole at 717.75°K : 2300 
Transition Point, °C : 

(rhombic —*• monoclinic) 95.4 
(liquid ~+viscous) 159.9 

Heat of Transition, cal./g.: 
(rhombic to monoclinic) 2.992 
(liquid to viscous) 2.751 

Heat of Sublimation, cal./mole at 298°K: S8 24,350 
S2 330,840 

Heat Content or Enthalpy, cal./mole at 298°K : (solid) 1053 
See Tables a, b, c, and d 

a. HEAT CONTENT AND ENTROPY OF S (c, 1) 
(Base, rh-crystals at 298.15°K) 

T,°K HT — H298.15 ST- 0298.15 
cal ./mole cal./deg. 

mole 
290 0.90 
400 1.2D 
485 1.43 
630 1.82 
965 2.67 

1030 2.83 
1940 4.85 
2780 6.38 
3650 7.72 
3810 7.95 

1.9 
9 
5,9 
5,9 

1 
9 

1,46 
5 

46 
46 

46 

5 

5 

353  
368.6 (rh). 
368.6 (mon) 
392 (mon) . 
392 (1) . . . 
40Ö  ..... 
500  
600  
700  
717.8   . . . . 

„     S(rh): 
Enthalpy :HT -H298.15 =3.58T + 3.12X 10 3T2 -1345 (0.2percent; 298-368.6°K I 

Heat Capacity :C„ — 3.58 + 6.24 X 10 3T ;A HMS.S = 85 

S (mon) : 
Enthalpy :HT-H298.1s =6.20T-1800 (0.1 percent ;368.6-392°K) 
Heat Capacity :CP= 6.20;AH392 (fusion) =335 

S(1)  : 
Enthalpy :HT-H298.lr, =:8.73T-2457 (0.6percent;392-717.8°K) 
Heat Capacity : C„ = -- 8.73 
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Sulfur (Sulphur) J>8  (page 3) 

b. HEAT CONTENT AND ENTROPY OF S (g) 4 
(Base, ideal gas at 298.15°K) 

T,°K HT — H298_1& ÖT ""   Ö29S.1Ü T,°K HT — "2(18.1.-, OT
_

    OjW.13 

cal./mole cal./deg, 
mole 

cal./mole cal./deg, 
mole 

400      570 1.65 1900  8320 9.79 
500  1120 2.88 2000  8830 10.06 
600    .... 1660 3.86 2200  9850 10.54 
700   .... 2190 4.68 2400  10,875 10.99 
800   .... 2715 5.38 2600  11,910 11.40 
900   .... •     3235 5.99 2800  12,950 11.79 

1000    .... 3750 6.53 3000  13,995 12.15 
liOO    .... 4260 7.02 3500     16,650 12.96 
1200    .... 4770 7.46 4000  19,340 13.68 
1300   .... 5280 7.87 4500  22,065 14.32 
1400   .... 5790 8.25 5000  24,810 14.90 
1500   .... 6295 8.60 6000  30,330 15.91 
1600   .... 6800 8.92 7000  35,860 16.76 
1700   .... 7305 9.23 8000  41,390 17.50 
1800 7815 9.52 

S(g): 
Enthalpy: HT - H298.I5 =15.26T -0.05 X 10-3T2 -0.36 X105T1-1443 

(0.6 percent; 298-2400°K ) 
Heat Capacity :CP =5.26 -0.10 X 10"3T +0.36 x lOT"2 

Enthalpy : HT - H298.15 = 4.961' + 0.05 x 10-*T 2-0.60 X KW- 1282 
(0.2 percent;2400-8000°l O 

Heat Capacity :CP = 4.96 +0.10 X 10 3T +0.C 0 X 10BT-2 

c HEAT CONTENT AND EN TROPY OPS2(g) 4 
(Base, ideal gas at 298.15°K) 

T,°K HT — Hofls.ir. ÖT — Ö298.1Ü T,°K HT — H^iiH.i.-i ST — 0291. S3 

cal./mole cal./deg. 
mole 

cal./mole cal./deg. 
mole 

400    .... 810 2.34 1500  10,430 13.79 
500    .... 1640 4.18 1600  11,325 14.37 
600    .... 2485 5.72 1700  12,225 14.91 
700 3345 7.05 1800  13,125 15.43 
800      4220 8.22 1900  14,025 15.92 
900    .... 5095 9.25 2000 14,925 16.38 

100Ö    .... 5975 10.17 2200  '66,730 17.24 
1100    .... 6855 11.01 2400  18,545 18.03 
1200    .... 7745 11.79 2600  20,360 18.76 
1300   . .  . . . 8635 12.50 2800  22,175 19.43 
1400    .... 9535 13.17 3000  23,995 20.06 

296 



Sulfur (Sulphur) S8 (page 4) 

Hssg.l 

T,°K 
cal./mole 

:,           ÖT-S298.I8 
cal./deg. 

mole 

T,°K HT — H 298. is 
cal./mole 

ST —0298.15 
caiValeg. 

400      
500      
600  
700      

3935 
7985 

12,125 
16,330 

11.32 
20.37 
27.90 
34.39 

800 
900   . 

1000 

20,580 
24,850 
29,140 

40.06 
45.09 
49.62 

Press, mm. 1 10 40 100        400 760       M.P. 
Temp. °C 183.8     243.8 288.3 327.2     399.6 444.6      112.8 

" 
Form Range Equation  (Psnmm.,Tin°K) 46 

rhombic 

monoclinic 

liquid 

20-80 

96-116 

25-74 

log P=r 11.664-^i^ 

log P:_ 11.364   5^2 

log P = 8.70- ^p- 

120-325 

325-550 

540S 1 
log P = 14.7000 -.0062238T j— 

log P-= 7.43287-^|— 

X-Ray Crystallographic Data: 

Atoms/ 
System       Space Group    a b c Unit Cell . 

rhombic „... 10.37    12.845   24.369 128 
(16 eight-mem bered 

rings) 

monocümc 10.90     10.96      11.02 48 
(6 eight-membered 
 rings)  

ih KTOfjopicity: 
S..- c gra.de, f:'( gair at70°F in 168hr. none at 40, 50, and 

70% R.H. 
0.01 at 90'/ R.H. 

46 

33 
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insoluble 
slightly soluble 
soluble 

soluble 

Sulfur (Sulphur) SL @age 5) 

Solubility Data: 
I n water : 
in alcohol arid ether : 
In carbon disulphide, 70 g./lOO g, : 
In light petroleum, hot benzene, toluene and 
benzyl chloride : 

Health Hazard : Believed to be nontoxic. Tank car shipments of molten sulfur 
may accumulate poisonous H8S gas, which is also flammable and explosive. 
In unloading operations suitable precautions should be taken. 

Safety Classifications: 
OSM: 
Probably class 2 as a pyrotechnic material. 
ICC : 
UN. 
Coast Guard: 

Fire and Explosion Hazard : When ignited, molten S will burn in air producing 
acrid fumes of S02l which are irritating, suffocating and lachrymatory, 
and inhalation should be avoided. Burning S can react vigorously with 
oxidizing materials. Sulfur when compounded with chlorates and some 
other oxidizing agents, forms sensitive explosive mixtures. When mixed 
with carbon, lampblack, fats and oils, S forms mixtures which can ignite 
spontaneously. It should be stored away from oxidizing agents. To fight 
fire use water. 

Electrostatic Sensitivity : When rubbed with most substances it becomes nega- 
tively charged. 
Minimum energy required for ignition by an electric spark, millijoules : 

15 
Ignition Temperature, in air at atmospheric pressure, °C : 

24&-261 
closed cup : 
open cup: 

Minimum Explosive Concentration of dust, mg./l. 

not specified 

not mentioned 
an inflammable solid 
hazardous 

Heat of Combustion, Kcal,/g, 

405°F 
440° F 
35 
30 

(monoclinic) 2.240 
(rhombic)      2.200 

Additional References : 
1) "The Sulphur Data Book," W. N. Tuller, Ed, McGraw-Hill Book Co., 

New York (1954) 
"The National Fire Codes, Vol. II, Combustible Solids, Dusts, Chemi- 
cals and Explosives," National Fire Protection Association, Inc., Bos- 
ton, Mass. (1958) 
"The National Fire Codes, Vol. II, The Prevention of Dust Explosions." 
National Fire Protection Association, Inc., Boston, Mass.  (1952) 
"Sulfur May Have Helical Structure," C & EN, p. 44 (Sept. 5,1960) 
Trans. Faraday Soc. 55,No. 444,2221 (1959) 

2) 

3) 

4) 
5) 

20 

46 

»3,46 

12,14, 46,75 

26 

46 

75 

26 
22 
1 
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TETRANITROCARBAZOLE, (C6H>. (NO,)4NH 
(Tetranitrobenzopyrrole, Tetranitroidiphenylamine, TNC) 

Specification No. : PAPD-639 (1954) pending revision of MIL-T-13723 
Molecular Weight: 347.20 

Crystalline Forms :<*,needles ;/3, plates ;y (1,3,6,8) prisms 
Color: light yellow 

TNC is produced by treating carbazole with sulphuric acid and then nitrat- 
ing the sulphonic acids to yield a mixture «f principally 1,3,6,8 and about 
107o of 1,2,6,8 TNC. The structure of the 1,3,6,8 isomer is 

Refs. 

13 
IB 
88V20 
Addnl. Ref. 1 

02N NH NOg 

O,NLJ UNO, 

Density, g./ml, : 
Coefficient of Thermal Expansion 
Heat of Formation : 
Free Energy of Formation: 
Entropy: 
Melting Point, 

Specification :285°C min. to 300°C max. 
Boiling Point: 
Transition Point: 
Heat of Sublimation : 
Heat Content or Enthalpy: 
Heat Capacity : 
Decomposition Temperature : Decomposes 

on heating : 
For DTA see Ref. 33 

Decomposition  Products : 
Vapor Pressure : 
X-Ray Crystallographic Data : 
Hygroscopicity, at 30°C, 90<^  R.H. : 

: about 581°K(308°C) 
with decomposition 

: 593°K (320°C) 
: (1,3,6,8) 558°K 
(285°C) with 
decomposition 

88V20 

turns red-brown above 
20O°C 

0.01 

Addnl. Ref. 

13 
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Telranilrocarbazole, (COHüMNO^NH (page 2) 

Solubility Data : In water (g./10Qg.) at9.rrc : 0.1 

In nitrobenzene : very soluble 
In hot acetone and hot pyridine : soluble 
In nitrobenzene, chloroform, CC14, ether., ligroin : insoluble 

a—in glacial acetic acid : practically insoluble 
in KOH : soluble with formation 01 

a yellow color 
in cone. H2S04 : soluble with formation of 

a green color 
p—in glacial acetic acid (hot) : soluble 
y—in glacial acetic acid : 3.05% 

in pyridine: 3.55% 
in ethyl alcohol: trace 

Health Hazard : toxic ; and is used as 
an insecticide 

Safety Classifications: 
OSM: class 9 
ICC: .   not listed 

Fire and Explosion Hazard: Dangerous, exploded by shock. When heated to 
decomposition it emits highly toxic fumes. 
Can react vigorously with oxidizing materials. 

Electrostatic Sensitivity:   
Data on y (1,3,6,8) TNC 

Oxygen Balance to C02, % : 
Oxygen Balance to CO, % : 
Nitrogen (caie'd for C.P.) % : 
Nitro nitrogen (calc'd for C.P.) % : 
M.P., °C : 
Impact Sensitivity :2 kg. wt., sample weight 14 mg. 

B.M. apparatus, cm. : 
P.A., in.: 

Friction Pendulum Test: 

-85 
-30 
20.0 
16.0 (spec. min. 15.5) 
296 

100+ 
18 
unaffected by fibre or 

steel shoe 
decomposes at 470 

0.15 
0.05 
none 

Explosion Temperature (Ssec), °C : 
100C Heat Test: 

% Joss first 48 hrs.: 
% loss second 48 hrs.: 
Explosion in 100 hrs.: 

Vacuum Stability Test, cc. gas/40 hrs. from a 5 g. sample : 

100°C: 0.2 
120°C: 0.2 

Sand Test (200g. bomb) 
Sand crushed through 30 mesh screen : (gas) 41.3 

13,Addnl. 
Ref. 3 

88V20, Addnl. 
Ref. 2 

12 

12 

13 

13 
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Tetranitrocarbazoie, (CoHfeMNC^NH (page 3) 

Sensitivity to Initiation : 
Lead Azide 8.20 g. plus tetryl 0.25g. 

Method of Loading: 
Method of Storage: 
Heat of Combustion, cal./g. at 18°C: 
Ifee in Pyrotechnics: 

pressed 
dry 
3772.4 
as a fuel, particularly in 

some igniter powders 

Additional References: 
1) "Identification of Isomers Formed in the Nitration of Carbazole," D. 

B. Murphy et al., J. Am. Chem. Soc. 75,4289 (1953) 
2) C.A 45,2084 (1954) 
3) Picattiny Arsenal Technical Reports 1647,1802,1937,1973,  1984, and 

2180 
4) P. Tavernier and Maurice Lamoroux, Mem Poudres 89,341 (1957) 
5) "Über die Einwirkung von Athylnitrat auf Diphenyl und Diphenyl. 

Abkömmlinge," H.Raudnitz,Ber. 60,741 (1927) 

Addnl. Ref. 3 

301 



"THIOKOL"   (LIQUID  POLYMER LP-2) 
(Thiokol is a tradeiuarked name) 

Thiokol LP-2 Mix is a polymer manufactured by the Thiokol Corporation 
in the liquid state. It is a completely polymerizable material which can be con- 
verted by suitable curatives to a tough resilient rubber without appreciable 
shrinkage. In the rubber state it remains flexible to -65°F and does not melt at 
elevated temperatures. Its maximum service temperature is around 250°F, but 
it will stand higher intermittent temperatures. It is sold as a viscous liquid with 
a viscosity of about 400 poises at 25°C. It is cold setting. 
Formula or Structure: The average structure is as follows: 

HS-(C2H4-CH!8-O-C2H4-S-S)M-C2H4-O-CH2-0-CJH4-SH. Occasionally in 
the chain of recurring units there is a side mercaptan group. The terminal 
SH groups are very reactive. 

Specifications: none 
Physical Properties : 

Color: amber   ■ 
Specific Gravity : 1.27 
Molecular Weight: approximately 4000 
Stability: indefinite 
Moisture Control less than 0.2% 
pH (of water extract) 6.0 to 8.0 

Chemical Reactivity : LP-2 is slightly acid when pure and is stable. In alkaline 
medium it polymerizes rapidly. 

n[HS-(RSS)„R-SH]   ^H»(RSS-)x+nH20. 

The reaction is exothermic. R in the above equation denotes the group 
(CÄ-O-CHü-O-CÄ) . 

Curing: Organic peroxides ;e.g., benzoyl peroxide, tertiary butylhydroperoxide, 
tertiary butylbenzoate, and cumene hydroperoxide will promote cure. Con- 
ventional paint driers will serve to introduce O from the air and can be 
used to polymerize LP-2. Cobalt driers are outstanding for this purpose. 

Compatibility Data : 
In the data given below solutions were prepared by stirring small incre- 
ments of solvent into weighed quantities of the liquid polymer and continu- 
ing until precipitation or cloudiness occurred. The figures given indicate the 
ultimate tolerance of LP-2 for the solvent. Thus 70% for methylethyl 
ketone indicates 70% of the ketone and 30% LP-2 by weight. At 100%, 
dilution is infinite. 

Solvent % *  Solvent 7c 

glacial acetic acid 20 cvclohex&none 100 
methanol 0 aniline 10 
ethanol 0 benzene 100 
diethyl ether 20 toluene 100 
dioxane 100 carbon tetrachforide 70 
petroleum ether 10 ethyl acetate 100 
acetone 50 dibutylphthalate 100 
methylethylketone 70 nitromethane 60 

These figures do not hold for polyi lerized LP-2 which has low solubility. 
Use in Pyrotechnics: As a fuel when polymerized. 

Refs. 

All data from 
Thiokol 
Corporation, 
Trenton, N.J., 
Ref. 59 
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TITANIUM, Ti Refs. 

Specification No ; MIL-T-13405A (CmlC) 

Molecular Weig' it: 47.90 

Crystalline Form (at temperatures up to 
abut800°C> : a, hexagonal 1 
abovetransition : ß, cubic 

Color: silver grey to dark grey 1 

Density, g./ml. : (solid) 4.50 
Coefficientof Thermal Expansion, linear Caj,atR.T. :8x 106 38 

Temp. Ranee °C Coefficient 
195 to •+20 

20-200 
20-400 
20-800 

6.8 X 10« 
8.9 X 10-« 
9.9 X IG"8 

10.1 X 10-« 

27 

Heat of Formation, Kcal./mole at 298°K : (gas) 112,6 5 
Free Energy of Formation, Kcal./mole at298°K (gas) 101.944 5 
Entropy, cal./deg./mole at298°K : (c)       7.33 2,5 

(gas) 43.07 1,5 
See Tables a and b 

Melting Point : 1940°K (1667°C) 4 
Heat of F&sion, cal./mole: 370O 5 
Boiling Point: 3550*K (2277°fc) 5. 
Heat of Vaporization, cal./mote : 102,500 5 
Transition Point, hexagonal («) t« ► cubic (ß) : 1155°K4882«C) 4,5,9 
Heat of Transition, cal./mole : 850 4 
Heat of Sublimation, ceL/mole at 298°K : 112^00 5 
Heat Content or Enthalpy, cal./mote at 298°K : (solid) 1150 

(gas)   1802 5 
See Tables a and b 

4 

T,°K HT —«208.15 ÖT —0298.18 T, °K   -        HT —Hjaftis ST -0298.I5 
cal./mole cal./deg. 

mole 
cal./mole cal./deg, 

mole 

400 625 1.80 1500  .9600   . 32.06 
500  1250 3.2D 1600   . :  . . . 10,350 12.53 m '.:::: ■ m m m ■ ■ ■-•■ - im~ \m 
800 3S30 6.44 1900.  ,  12,600   . 13.82 
900   ..... 4070 7.3L 1940 (ß) . . . 12,900 13.98 

$988  m m m»v> ■■■ ■ wm 16.28 
1U.JZ, 

1155 (a)    ... 6"070 9.26 2200  19,440 17.29 
1155 (ß) . . . "    7020 10.09 2400 ' .21,040 17.98 
1200  7350 10.38 •  2600     22,640 18.62 
1800   ..... 
1400 

8100 io.es 
1153 m :-■•.::•- MS ra.77 
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Titanium, Ti  (page 2) 

Ti (a): 
Enthalpy :HT-H29S.lr, = 5.25T + 1.26 X 103T2- 1677 (0.3percent ;298-1155°K) 
Heat Capacity :C, =5.25 +2.52 x 10 3T 

■Ti (ß) : 
Enthalpy : HT -H»».» =7.50T - 1650 (0.1 percent; 1155-1940°K) 

A HI!M0 (fusion) = 4450 

Ti (1) : 
Enthalpy : HT -HSM.,6 =8.00T + 1840(0.1 percent; 1940-3000°K) 

T,°K •HT — Hoggin ST -0298.15 T,°K HT — HüOH.I. ,     ST — Sjss.ir. 

cal./mole cal./deg, 
mole 

cal./mole cal /deg. 
mole 

400 .... 575 1.67 1900 8495 9.87 
500 1120 2.88 2000 9075 10.16 
600 .... 1650 3.84 2200 .... 10,275 10.74 
700 . ■  2170 4.64 2400 11,530 11.28 
800 .... 2685 5.33 2600 .... 12,840 11.79 
900 . .  . 3195 5.94 2800 14,210 12.31 

iooo . . . . 3705 6.47 3000 .... 15,635 12.81 
H0Ü 4215 •6.96 3500 19,460 13.98 
1200 3730 7.40 4000 23,630 15.10 
1300 5245 7.82 4500 28,110 16.15 
1400 .... 6765 8.20 5000 32.855 17.15 
1500 6290 8.57 6000 42,895 18.98 
1600 6825 8.91 7000 53,320 20.59 
1700 . . . . 7370 9.24 8000   . . . . 63,830 21.99 
1800 . . .. 7930 9.56 

5,9 
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Titanium, Ti (page 3) 

Atoms/Unit Cell 
2 
2 

X-Ray  Crystallographic  Data : 

System Space Group a c 
hexagonal D«h 2.951    4.692 
cubic 3.283 

Hygroscopicity  (cumulative increase in weight after) 
Storage over H20 for 29 days : 1.7% 

H2S0<for29days: 0.0% 
Two days in oven at 105°C : 0.0% 

Solubility Data: In cold water: insoluble 
In hot water: decomposes 
In dilute acids on heating: soluble 

Health Hazard : none physiologically inert 

Safety Classifications: 
QSM: class 2 
ICC :   Powder listed under "Explosives and Other Dangerous Articles" as 

a flammable solid ;yellow label. 
U.N.: inflammable solid 

Fire and Explosion Hazard : Powdered metal exposed to air is a dangerous fire 
hazard and burns with intense heat. Prevent water from contacting the 
material. Store and process in rooms or buildings adequately vented at the 
highest point to prevent the accumulation of hydrogen gas which results 
from the reaction of powdered metal and moisture. When mixed with oxi- 
dizing material, the powdered metal is a dangerous fire and explosion haz- 
ard. In the repair and maintenance of buildings or equipment, powder or 
dust should be removed and nonsparking tools used. 
Finely ground titanium powder explodes spontaneously when in contact 
with hot air, and burns in atmospheres other than air. At 680°C, the fine 
powder burns in pure carbon dioxide. At red heat, titanium decomposes 
steam to free hydrogen. Above 1475°F it burns vigorously in atmosphere 
of pure nitrogen. The metal and its alloys explode when treated with nitric 
acid. Oil covered titanium chips have ignited spontaneously. 

Precautions When Handling Titanium : 
Titanium powder is shipped and stored wet. Moisture content of containers 
of titanium powaer should be kept above 20% by volume. All standard 
precautions must be taken when handling the powder. Metal equipment 
with which it comes in contact must be grounded, and operations carried out 
in atmospheres of helium, or argon. Atmospheres of carbon dioxide and 
nitrogen are ineffectivesince dust layers of the powder ignite in these gases. 

Electrostatic Sensitivity (minimum energy required for ignition of powder by 
electric sparks, millijoules) : (dust cloud)  10 

(dust layer) .008 
Ignition Temperature, °C : 

Massive metal in air 700-800 
Powder in air 250 
Dust Cloud 330 
Dust Layer 380 

51 

29 

12 

14,49, Cl 

14 

26 

12 
12 
26 
26 
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Titanium, Ti (page 4) 

Minimum Explosive Concentration: 
Powdered metal, mg./l. 45 26 

Corrosion Resistance : Extremely resistant to corrosion by most substances. 38 
Use in Pyrotechnics : As a fuel. According to the specification, it is used in first 

fire mixtures for incendiary munitions. 

Additional References : 
1) "The Explosive Characteristics of Titanium, Zirconium, Thorium, Ura- 

nium and Their Hydrides," I. Hartmann et al., Bureau of Mines R.I. 
4835 (1951) 

2) Ref. 64 
3) L. G. Carpenter, Nature 263,527 (1949) 
4) J. Phys. Chem. 59,127-131 (1955) 
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TITANYUM DIOXIDE, TiO, 
(Tiiuiiia, Titanium Whitt*, Kulile, Anatase, Brookite) 

Percent Oxygen: 
Specification No. : 

40.05 
TT-T-425a (Dry-Paint 

Figment) 
The specification covers one grade and three types of titanium dioxide p i g 
ment which vary in purity : 

Type I, Free chalking (anatase) 
II, Semi-chalking, aluminum treated  (rutile) 

III, Chalk-resisting, silicon-aluminum-zinc-treated (rutile) 
Molecular Weight: 79.90 
Crystalline Form : tetragonal 

Allotropic Forms: Ti02 occurs in four allotropic forms; brookite, rutile, 
and two forms of anatase. The stability fields of these modifications have 
not been clearly determined, but anatase II is reported to transform to ana- 
tase I at 642°C, and anatase I to rutile at 915°C. The first transformation 
is rapid ;the second slow. The formation of a rutile structure also has been 
found to occur when Ti203 is oxidized. 

Color: (purified titania) translucent water white or yellowish cast. Turns yel- 
low then brown when heated. 

Density, g./ml.: 

Coefficient of Thermal Expansion : 
Ref. quotes Addnl. Ref. 5 

Coefficient of Thermal Expansion per °C : 

Heat of Formation, Kcal./mole at298°K : 
See Table a 

Free Energy of Formation, Kcal./mole at298°K 
See Table a 

(solid) brookite 4.17 
octahedrite, anatase, 3.84 
rutile 4.26 
9X10« 

(Ex 10 7) where Eis 
70-80 over the range 
20-600°C 

(c, 111) rutile, -218.0 

(c, 111) rutile, -203.8 

a. HEAT AND FREE ENERGY OF FORMATION OF Ti02(rutile) 

Kefs. 

1,29 

1 
65 

29 
54 V7 
P 
1,22 
1 
41 

Addnl. Ref. 4 

1,9 

T, °K A H (cal./mole) 

298.16. . . . -225,500 (±250] 
400  -225,350 
500  -225,100 
600  -224,900 
700  -224,700 
800  -224,500 
900  -224,300 
1000  -224,150 
1100   -224,000 
1150   -223,950 
1150   -224,900 

A F° (cal./mole) 

-212,300 (±250) 
-207,800 
-203,450 
-199,150 
-194,850 
-190,600 
-186,400 
-182,200 
-178,000 
-175,900 
-175,900 
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Titanium Dioxide, Ti02 (page 2) 

T,°K A H (cal./mole) A F° (cal./mole) 

1200  -224,800 -173,800 
, 1300   -224,600 -169,550 
1400   -224,400 -165,300 
1500   -224,150 -161,100 
1600   -223,900 -156,950 
1700   -223,650 -152,750 
1800   -223,400 -148,600 
1900   -223,150 -144,450 
2000   -222,850 -140,300 

Free Energy Equations 
Reaction 

1) Ti (a) +02 (g) =Ti02 (rutile) 
Range of Validity, °K 

298.16-1150 
A Ff =-228,360-12.80TlogT + 1.62 (10"3T2) + 1.975 (10T-1) +82.81T 

2) Ti (/?) + 02 (g) = Ti02 (rutile) 1160-2000 
AF$ =-228,380-7.62TlogT +.36 (10-3T2) +1.975 (lOT1) +68.431' 

Entropy, cal./deg./mole at 298°K : 
See Tables b, c 

Melting Point: 
Heat of Fusion, Kcal./mole : 
Boiling Point: 
Heat of Vaporization, Kcal./mole : 
Transition Point: 
Heat of Sublimation: 

(c, III) rutile, 12.01 

2108°K (1835°C) 
15.5 ± 2.5 
(rutile) 2500°K (2227°C) 
138.9 

9 
24 
63 
Addnl. Ref. 1 

T,°K HT - H2B8.1S 

cal./mole 
ST — S298.in 

cal./deg. 
T,°K HT — H29S.IS 

cal./mole 
ST - Ö298.15 

cal./deg, 
mole 

400 
500 
600 
700 
800 
900 

1000 
1100 
1200 

1540 
3100 
4735 
6440 
8160 
9900 

11,650 
13,420 
15,200 

4.43 
7.91 

10.89 
13.51 
15.81 
17.86 
19.70 
21.39 
22.94 

1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 

17,000 
18,820 
20,660 
22,530 
24,420 
26,340 
28,280 
30,250 

24.38 
25.73 
27.00 
28.20 
29.35 
30.44 
31.49 
32.50 

TiO, (rutile) : 
Enthalpy :HT-H28S.,5 =17.97T +0.14 X 10"3T2 +4.35 X 105T-1-6829 

(0.8 percent;298-1800°K) 
Heat Capacity : C„ = 17.97 + 0.28 X 103T -4.35 X 106T"2 
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Titanium Dioxide, TiOj (page 3) 

c. HEAT CONTENT AND ENTROPY OF Ti02(anatase) 
(Base, crystals at 298.15°K) 

T,°K HT - HäftH.lä ST -SAO«.is T 
cal./mole cal./deg. 

mole 

1540 4.43 900 
3100 7.91 1000 
4735 10.89 1100 
6440 13.52 1200 
8170 15.82 1300 

5K HT — Hgwi.ig 
cal./mole 

ST -Ö208.1S 

cal./deg. 
mole 

9930 
11,720 
13,530 
15,350 
17,180 

17.89 
19.78 

92L.5L 
23.09 
24.55 

400 
500 
600 
700 
800 

TiOa (anatase) : 
Enthalpy : HT -H„».18 = 17.83T + 0.25X 10-*TJ + 4.23 X lOT"1 - 6767 

(0.7percent; 298-1300°K) 

Heat Capacity :CP= 17.83 + 0.50 X 10ST - 4.23X 108T-2 

Heat Capacity, cal./deg./mole: (solid) 13.16 
See equations above 

Decomposition Temperature:   

Decomposition Products :   

Dissociation Pressures:   

Vapor Pressure, log p»lra. = - 3°T
61    0.492 X 10"8 + 11.19  (T= OK) 

at 2000°K, logp = 4.97atm. See also Ref. 54V6 

X-Ray Crystallographic Data : 
System SpaceGroup     a c 

(rutiie) tetragonal Dih 4.58   2.95 

Hygroscopicity : 
Solubility Data :In water, HC1, HN03, dil. H2S04 

In hot concentrated HjSO«, alkalies : soluble 

Health Hazard : Considered harmless but high concentrations of the dust may 
cause irritation to the respiratory tract. 
M. A.C., mg./m.8 of air : (tentative) 15 

Safety Classifications: 

OSM : not listed 
ICC: not listed 

Fire and Explosion Hazard: none 

Electrostatic Sensitivity :   

Molecules/ Unit Cell 
2 

nonhygroscopic 
insoluble 

Use in Pyrotechnics a product of the 
combustion of Ti 

63 

Addnl. Ref. 1 

1 

12,25 

29 
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Additional References: 
1) "Vapor-Solid Equilibria in the TLtaniun Oxygen System," W. Groves 

etal., J. Phys. Chem..59,127 (1955) 
2) Ref. 64 
3) For color changes see also Ref. 44 V29 sup 
4) F. Hummel and E. Henry, Report 6, Penn. State College School of 

Mineral Industries, PB 60, 659 (1946) ; cited by Ref, 65 
5) Ind.Eng.Chem. 38,1097 (1946) 
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TOLUIDINE-RED TONER (dry paint pigment) 
(1 - ( 3-N itro-p-Tolueneazo ) -2-Naphthol, 

MetantfroparatoIuidino-azo-Betanaphlhol, C.I.   12120, 
C.I. Pigment Red 3) 

Refs. 

82, 48A 

N02 OH 

Formula HSC^N:N-£3 

Specification No.: 
The color shall be resistant to HN0S (1.20 Sp. 
and to 10 % caustic soda solution. 

Molecular Weight: 
Crystalline Form : 

Color: 

Density, g./ml. : 

Coefficient of Thermal Expansion : 
Heat of Formation: 
Free Energy of Formation: 
Entropy: 
Melting Point, °C: 
Heat of Fusion: 
Boiling Point: 
Transition Point: 
Heat of Sublimation : 
Heat Content or Enthalpy : 
Heat Capacity: 
Decomposition Temperature : 
Decomposition Products : 
Vapor Pressure : 
X-Ray Crystallographic Data: 
Hygroscopicity: 
Solubility Data : In acetone and chloroform 

In alcohol and benzene: 
In hot water: 

Health Hazard : 
Safety Classifications: 

C17HiaN303 

TT-T-562 
Gr.),toHCL(1.10Sp. Gr.) 

307.32 

microscopic delicate 
featheryneedles 

purplish or brown; bright 
red to somewhat darker 
yellowish red 

(solid) 1.4D 
(bulkingvalue) 0.08576 

82 

82 
Spec. 
84A 
82 
82 

258 48A 

soluble 
slightly soluble 
very slightly soluble 

82 
48A 
82 

3H 



Toluidine-red toner (page 2) 

Fire and Explosion Hazard:   
Electrostatic Sensitivity :   
Resistance to light: (full shade) excellent 82 

(tint) good 
to heat: to 320°F 

poor when baked 20 min. 
at 270°F 

to acids and alkalies: good 
Use in Pyrotechnics: Added to igniter compositions to impart a red color for 

identification. 

Additional References: 
1)  Ref. 82 
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1,4-di-p-TOLUIDINOANTHRAQUINONE 
(1 ,-4-di-p-lolyaminoanthraquinone, 
D & C Green No.  6, Quinizarine 

Green G Base, C.I. 61565, C.I. Solvent Green 3) 

Formula:                       III CagHisaNaOa 
^vKs, v 

II   N~(     )CH, 
0   H   ^ ' 

Specification No. : MIL-D-3277 N 
Molecular Weight: 418.5 
Crystalline Form : needles 88V14 
Color : Green, from chlorobenzol—blue, 88V14 

from glacial acetic acid-dark violet 88V14 
Density, g./ml. 

Apparent Density : (Spec.) 0.45 ± 0.25 
Temperature Coefficient: 
Heat of Formation: 
Free Energy of Formation : 
Entropy: 
Melting Point: 491°K (218°C) 88V14 
Heat of Fusion: 
Boiling Point: 
Transition Point : 
Heat of Subiimation : 
Heat Content or Enthalpy: 
Heat Capacity: 
Decomposition Temperature : 
Decomposition Products : 
Vapor Pressure : 
X-Ray Crystallographic Data: 
Hygroscopicity : 
Solubility Data :In alcohol (g./L) at60°C : 34 Addnl. Ref. 1 

In aniline: soluble with green color 88V14 
In concentrated H2S04: soluble with violet-blue 

color or violet-red 
In chloroform and in benzene : soluble 

Health Hazard : unknown 92 

Refs. 
92, 48A 
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1,4-Di'p-loluidinoanthraquinone (page 2) 

Safety Classification: 
OSM: not listed 
ICC: not listed 

Fire and Explosion Hazard:   
Electrostatic Sensitivity :   
Use in Pyrotechnics: to color smoke mixtures 

green 

Additional References: 
1) "The Dyeing Phenomena of Acetate Artificial Silk," V. Kartaschoff 

and G. Farine, Helv. Chim. Äcta 2,822 (1928) 
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TUNGSTEN, W 
(Wolfram) 

Refs. 

Specification No.: 
Molecular Weight: 
Crystalline Form : 

Color: 
Density, g./ml. : 
Coefficientof Thermal Expansion, linear : 

-108toO°C: 
0-100 : 
0-300: 
0-500: 
1000-2000 : 

Heat of Formation, cal./mole at 298°K : 
Free Energy of Formation, cal,/mole at 298°K: 
Entropy, cal./deg./mole at 298°K : 

See Tables b, c       , 
Melting Point, °K : 
Heat of Fusion, eai./mole : 
Boiling Point: 
Heat of Vaporization, cal./mole : 
Transition Point: 
Heat of Sublimation, cal./mole : 
Heat Content or Enthalpy, cal./mole : 

Heat Capacity: 

MIL-T-13827 
183.86 
(cubic) p-formtrans- 

forms irreversely to <* 
above700°C 

grey-black 
(solid) 19.3 

4.2 X 10-6 

4.3 X 10-* 
4.5 X 10"6 

4.6 X 10-« 
6.1 X 10« 
(gas) -200,000 

(gas) -190,009 
(gas) 41.55 
(c)       8.04 

3650 
8420 
5800°K (5427°C) 
191,000 

200,000 
(solid) 1216 
(gas)     1486 
(solid) 5.92 
(liquid) 8.5 
(gas) 7.5 

5 
1,5 
5 

5 
5,7 
5 
5 

5 
5 

T, °K C, cal./deg./mole T, °K c? cal./deg./mole 

298   .... 5.92 1600 7.00 
600   .... 6.17 2000 7.33 
800   .... 6.34 2500 7.74 

1000   .... 6.50 3000 8.15 
1200   .... 6.67 

See also equations below 

315 



Tungsten, W, (page2) 

4 

T,°K HT- Il2»».lR ST — Ö29R.15 T,°K HT — Hj9S.15 

cal./mole cal./deg. 
mole 

cal./mole 
mole 

400    ... 615 1.77 1500 7730 10.18 
500    ... 1220 3.12 1600 8430 10.63 
600   ... 1830 4.23 1700  9130 11.06 
700    ... . .   .    2450 5.19 1800 9840 11.47 
800    ... 3080 6.03 1900 10,550 11.85 
900    ... 3710 6.77 2000 11,270 12.22 

1000    .  .  . 4360 7.46 2200  12,720 12.91 
1100    . . . 5010 8.08 2400 14,190 13.55 
1200   . . . 5670 8.65 2600 14,680 14.14 
1300   . . . 6340 9.19 2800 17,190 14.70 
1400   . . . 7030 9.70 3000  .  . , . 18,720 15.23 

W(c) : 
Enthalpy :HT -HSM.1S =5,74T +0.38 X 10 3T2 - 1745 (0.4 percent ;298-3000°K) 
Heat Capacity :CP =5.44 +0.76 X 10 3T 

T,°K HT — H288.15 ST — S288.15 T,°K HT - H29g,i5 ST — S2M.IS 

cal ./mole cal./deg. 
mole 

cal./mole cal./deg:. 
mole 

400 540 1.55 1500 10,150 12.47 
500   .... 1130 2.86 1600 11,048 13.04 
600 1805 4.09 1700 11,895 13.56 
700 2580 5.28 1800 12,730 14.04 
800   .... 3440 6.44 1900 13,540 14.47 
900   .... 4375 7.53 2000 14,325 15.61 

1000    . . . . 5354) 8.56 2200 ;        15,855 14.88 
1100    . . . . 6340 9.50 2400 17,330 16.25 
1200 7325 10.36 2600 18,780 16.83 
1300    . . . . 8200 11.14 2800 20,210 17.36 
1400    . . . . 9235 11.84 3000   . . . . 21,635 17.85 

W(g) : 
Enthalpy :HT -HM8.1S =10.70T -0.66 x lO^T2 +4.64 X 105T- 

(0.3 percent ;1600-3000°K) 
Heat Capacity :CP = 10.70- 1.32 X lO^T -4.64 x 105T2 

■4688 
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TungHten, W ( page 3 ) 

Vapor Pressure: At 2000-3500°K can be calculated from log p(mm, Hg.) —       40 

 —+9.84-0.0146logT-0.164T. Where T = temperature OK   Vaporpres-     12 

sure is lmm. at3990°C 
X-Ray Crystallographic Data : 1 

System Space Group a Atoms /Unit Cell 
a, cubic Oh 3.1583 2 
ß, cubic 02orOg 5.04 8 

Hygroscopicity :   
Solubility Data : In water : insoluble 

In HN03, H2S04, and aqua regia :                         very slightly soluble 
In HF and HN03 : soluble 

Health Hazard : very slight                                12 
Safety Classifications : 

OSM : class 2 
Fire and Explosion Hazard : Tungsten is dangerous in the powdered form when    12,14 

exposed to flame. It burns with intense heat. Prevent water from contacting 
the material.  Store and process only in room or buildings adequately 
vented at the highest point to prevent the accumulation of hydrogen gas 
which results from the reaction of the powdered metal and moisture. 
When compounded with oxidizing agents, the powdered metal is a danger- 
ous fire and explosion hazard. In the repair or maintenance of buildings or 
equipment, powder or dust should be removed and nonsparking tools used. 

Electrostatic Sensitivity :   

Use in Pyrotechnics: asafuel 

Additional References : 

1). "Tungsten," C. J. Smithells, Chapman & Hall Ltd., London (1952) 
2)  Ref. 46 
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TUNGSTEN DIOXIDE, WO, Refs. 

Specification No. : 
Molecular Weight: 215.92 1A 
Crystalline Form : 
Color : 

cubic 
brown 

1A 
1A 

Density, g./ml. : 
Coefficient of Thermal Expansion : 
Heat of Formation, Kcal./mole at298°K : 

(solid) 12.11 

(c) -134.0 ± 2.5 
-136.3 

1A 

24A 
1A,9, 31A 

Free Energy of Farmation, Kcal./mole at298°K : (c) -123.8 
-122 
-118 

6 
8 
31A 

HEAT AND FREE ENERGY OF FORMATION OF W02(c) 2 

Entropy, eal./deg./mole at298°K : 15 
15.5 
16.0 ±2.5 

6 
2 
24A 

Melting Point, °K : See Decomposition 
in nitrogen at 1500-1600°C. 

Temperature below. Ignites in air. Ignites 3PA 

Heat of Fusion, Kcal./mole:                                        11.5 
Boiling Point: Begins to sublime at about 800°C. Quite volatile above 1050°. The 

boiling point is about 1800°K. 

6 
.44S54 

Heat of Vaporization, Kcal./mole : 
Heat of Sublimation : 

48.86 44354 

Heat Content or Enthalpy : 
Heat Capacity : 
Decomposition Temperature, °K : 
Decomposition Products: 

decomposes at 2125 ± 50 
W +WOj which sublimes 

8 
44S54 
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Tungsten Dioxide, WO» (page 2) 

Vapor Pressure: 
X-Hay Crystallographic Data : 

System       Space Grxnip 
monoclinic ^21 
tetragonal DJjJ 

Hygroscopicity: 
Solubility Data: In Hj0 adds K0H . 
Health Rgard: 
Safety Classifications: • 

OSM: 

ab c 
5.65   4.89   5.56 
4.86 2.77 

appreciable at 1800°K 

Axial Angle 
120° 25' 

Molecules/ 
Unit Cell 

4 
2 

insoluble 
slightlytoxic 

not listed 
ICC: 

no 

44S54 

4.24A 
2,1A, 97 

1A 

Fire'and Explosion Hazard : The amorphous powder is strongly pyrophoric and 
easily oxidized to WOs. 

Electrostatic Sensitivity: —— 
Use in Pyrotechnics :   

60V14 
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ZINC, Zn Refs. 

Specification No. : JÄN-Z-365 
Covers three grades, which differ in purity, and two classes differing in 
granulation. 

Molecular Weight: 66.38 
Crystalline Form : hexagonal 1 

Color : bluish-white 1 

Density, g./ml. : (solid) 7.14 1 
Coefficientof Thermal Expansion, linear at 

10-100°C : 26.28 X 10~6 1 
cubic at 0-100°'C: 89.28 X 10-« 
Equation for linear coefficient: 1, =1« (1 "■". 2969 X 10-*) + 1 

(-.0635 X 10-7) 
where 1« = length attemp. t in °C and 1 =length at 0°C 

Heat of Formation, Kcal./mole at298°K : (gas) 31.18 1,9 
Free Energy of Formation, Kcal./mole at 298°K :      (gas) 22.682 5 

Entropy, cal./deg./mole, at 298°K : teUps^ 
1,5 
1,5 

See Tables a and b 

Melting Point: 692,7°K (419.6°C) 1,5 

Heat of Fusion, cal./mole: 1765 1,5 

Boiling Point : 1181°K (908°C) 5 
Heat of Vaporization, cal./mole : 27,960 > 

Transition Point : 

Heat of Sublimation, cal./mole 31,180 > 
Heat Content or Enthalpy, cal./mole : (solid) 1349 j 

See equations below 

4 

°K ST — 0298,1A 

cal./mole             cal./deg. cal./mole cal./deg. 
mole mole 

400            625                     1.80 800  5150 9.08 
§00              1270                    3.24 
600           1940                    4.46 

900  5900 9.96 
1000  6650 10.75 

692.7(0 . . .         4345                     8.00 
1100  7400 11.47 
1200  8150 12.12 

700          4400                    8.08 
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Zinc, Zn (pa#e 2) 

b. HEAT CONTENT AND ENTROPY OF Zn (g) 
(Base, ideal gas at 298.16°K) 

T, °K **T — riafrH.ir» ST — S'jos.13 
cal./mole cal./deg. 

mole 

400   . . . . 505 1.46 
500 1005 2.57 
600   .... 1500 3.48 
700 1995 4.24 
800 2495 4.90 
900   .... 2990 5.49 

1000 3490 6.01 
1100 3985 6.49 
1200 4480 6.92 
1300 4980 7.32 
1400 5475 7.69 
1500 5975 8.03 
1600   . . . . 6470 8.35 
1700 6965 8.65 
1800   . . , . 7465 8.94 

T,"K 

1900, 
2000 
2200 
2400 
2600 
2800 
3000 
3500 
4000 
4500 
5000. 
6000 
7000 
8000 

HT— Hgo». IS ST — Ö2DS.I 

cal ./mole cal./deg. 
mole 

7960 9.20 
8455 9.46 
9450 9.93 

10,445 10.36 
11,440 10.76 
12,435 11.13 
13,425 11.47 
15,910 12.24 
18,400 12.90 

. 20,905 13.49 
23,435 14.03 
28,675 14.98 
34,385 15.86 
40,905 16.73 

Zn (g): 
Enthalpy: HT-HM8.15 = 4.971' - 1482(0.1 percent ;298-5000°K) 

Heat Capacity, cal./deg./mole : (solid) 6.07 
(liquid) 7.50 
(gas) 4.97 

Also see above 
Decomposition Temperature :   
Decomposition Products:   

Vapor Pressure : 

Press, mm. 10 40 100 400 760 M.P. 

Temp. °C 487 593 673 736 844 907 419.4 

Atoms/Unit Cell 

X-Ray Crystallographic Data : 
System Space Group a c 

hexagonal D&. 2.6585    4.9342 2 

Hygroscopicity : On exposure to moist air zinc becomes'coated with a white basic 
carbonate of Zn. Cumulative increase in weight after : 
Storage over H20 for 29 days : 5.2% 
Storage over H2S04 for 29 days : 4.7 % 
Two day s in oven at 105°C : 4.3 % 

Soiubility Data : Insoluble in water, but soluble in acids, alkalies, and ammonia. 

4,5 

16,29 

51 

1,29 
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Zinc, Zn (page 3) 

Health Hazard : Zinc powder is slightly to moderately toxic. When heated fumes 
of ZnO evolve, which when inhaled can cause "brass founders ague" or 
"brass chills" and fever, also called "zinc-fume fever," "zinc chills" or 
"galvo." The effect is usually temporary. 
M.A.C.of zinc (asZnO) ,mg./m.s : 15 

Safety Classifications: 
OSM: class 2 
ICC: not listed 

Fire and Explosion Hazard : Powdered zinc when heated is an explosive and fire 
hazard. It burns with intense heat. Prevent water from contacting the 
material. Store and process only in buildings or rooms adequately vented at 
the highest point to prevent the accumulation of evolved hydrogen gas. 
When compounded with oxidizing agents, the powdered metal is a danger- 
ous fire and explosive hazard. In the repair or maintenance of buildings or 
equipment, powdered dust should be removed and nonsparking tools used. 
Fight fire with special mixtures of dry chemicals, or powderedtalc. 
See also Ref. 86 

Electrostatic Sensitivity (minimum energy required for ignition öf powder by 
electricsparks,millrjoules) : (dustcloud) 650 

Ignition Temperature, °C : (dust cloud)   20' 
(dust layer) 100 

Minimum Explosive Concentration, mg./l. : 480 
Use in Pyrotechnics: As a fuel. On burning, it produces a white light with a 

bfuish-green or bluish tint. 

93,12, 25, 29 

14 

12,14,49,51 

75 

26 
26 
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ZINC CARBONATE 

Formula: 
Specification No.: 
Molecular Weight: 
Crystalline Form : 
Color: 

Density, g./ml. : 
Coefficient of Thermal Expansion : 
Heat of Formation, Kcal./mole at298°K : 
Free Energy of Formation, Kcal./mole at298°K : 
Entropy, cal./deg./mole at 298°K : 
Melting Point : 

Heat of Fusion : 
Boiling  Point: 
Transition Point: 
Heat of Sublimation: 
Heat Content or Enthalpy: 
Heat Capacity, eal./deg./moie : (solid) 19.16 

Molal Heat Capacity can be estimated from C„ = 9.30 + 33.0 (10-»T) at 
298-780°K 

Decomposition Temperature : loses C02 at 300°C 
Commercial ZnC03 gives off some C02 even at 90°C. Decomposition is com- 
plete at 300° in 1 hour, and at 400° in y2 hour. 

Decomposition Products : ZnO "l"C02 

Heat of Dissociation, cal./mole : 21,000 
Dissociation Pressure : A constant reproducible decomposition pressure has not 

been observed. The decomposition depends on the grain size and other 
factors. 

X-Ray Crystallographic Data : 

ZnCOj 
MIL-Z-12061 
125.39 
trigonal 1 

white 
colorless 

29 
1 

(solid) 4.44 1 

(c) -194.2 9 
(c) -174.8 9 
19.7 3,9 
loses COJJ at 

573°K (300°C) 1 

Molecules/ 
System           Space Group a Axial Angle Wit Cell 

hexagonal               ^M 5.704 a =48° 6' 2 
Hygroscopiciey : 
Solubility Data: ■ 

In water at 15°C : 0.001 g. 
In acids, alkalies, NH4 salts: soluble 
In NH3, acetic acid, pyridine : insoluble 

Keaith Hazard : low 

Refs. 

9 
4 

1 
54V4 
54V2 
44332 sup 
44832 sup 

1,12 
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Zinc Carbonate (page 2) 

Safety ClassiticatiLons: 
OSM: ..... ,pp . not listed 

„. ,"      .   .     „        . not listed 
Fire and Explosion Hazard: 
Electrostatic Sensitivity :   
Use in Pyrotechnics: .     .    . J as a retardant 17 
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ZINC OXIDE, ZnO 
(Chinese White, Zinc White, Flowers c£ Zinc, 

Zinc Bloom, Philosopher*« Wool) 

Specification No.: 
The specification covers three grades of which 
pyrotechnic mixtures. They differ somewhat 
purer) and have the Same granulation. 

Molecular Weight: 
Crystalline Farm: 
Color: 

Becomes lemon yellow on heating, regaining its 
Density, g./ml.: 
Coefficient of Thermal Expansion, cubical: 
Heat of Formation, Kcal./mole at 298°K : 

See Table a 
EüoeEnergy of Formation, Kcal./mole at 298°K : 

See Table a 

MIL.Z-291B 
grades 1 and 2 are used in 
in purity  (grade 2 is the 

81.88 
amorphous powder 
whitfe (oryellowish) 

white color on cooling, 
(solid) 5.47 
(aver.) 1.8 X lO'7 

(fusedj -84.36 
(c) -83.17 

(c) -76.06 

a. HEAT AND FREE ENERGY OF FORMATION OF ZnO (c) 

Reft. 

1,11,29 

1 
1 
52V11 
1 
31 
1,9 

1.9 

T °K A H (cal./mole) A F° (cal./mole) 

-83,250 (± 200) -76,100 (dt 200) 
-83,150 -73,650 
-83,050 -71,300 
-82,950 -68,960 
-82,850 46,800 
-84,600    • -66,800 
-84,600 -66,600 
-84,560 -64,050 
-84,500 -61,460 
-84,400 -58,900 
-84,300 66,860 
-84,200 -54,350 

-111,600 -54,350 
-111,560 -53,350 
-111,150 ^8,500 
-110,750 -48,700 
-110,350 -38,950 
-109,900 -«4,200 
-109,460 -29,600 
-109,000 -24,800 
-108,560 -20,160 
-108,100 -15,500 

298.16. 
400 . . 
500 . . 
600 . . 
692.7   . 
692.7   • 
700 . . 
800 . . 
900 . . 

1000 . . 
1100 . . 
1180 . . 
1180 . . 
1200 . . 
1300 . . 
1400 . . 
1500 . 
1600 . . 
1700 . . 
1800 . 
1900 . . 
2000 . 
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Zinc Oxide, ZnO (page 2) 

Phase Changes of Metal 
M.P., 692.7°K ; A H = 1765 cal ./g.-atom 
B.P., 1180°K ;A H =27,430 cal./g.-atom 

Free Energy Equations : 2 
Reactions ■ Range of Validity,°K 

1)  Zn (c) +1/2 02 (g) =ZnO (c) 298.16-692/ I 
A F£ =-84,670-6.40 (TlogT) + .84 (10 3T2) + .99 (10BTl) + 43.25T 

2)  Zn (P) +y20, (g)=ZnO (c) 692.7-1180 
A F§ =-85,520- 1.45 (TlogT) -.36 (10-»T2) +.99 (lOoT1) " ■1-31.25T 

3)  Zn (g) +i/202-(g)=ZnO(c) 1180-2000 
AF£ =-115,940-7.28 (TlogT)-.36 (10-*T2) + .99 + (106T-1) +74.94T 

Entropy, cal./deg./mole at 298°K ;   9 
See Tables b, c 

Melting Point: >2073«K (>1800°C) 1 
zincite, 2243°K (1975°C) 63 

Heat of Fusion, g./cal./mole : 4470 7 
Boiling Point : decomposes 24 

zincite, decomposes 
2223°K (19£0°C) 

63 

Transition Point:   

Sublimation Temperature : 2073°K (1800°C) 50V15 
Heat of Sublimation, Kcal./mole : 111-112.5 44S32 sup 

4 

T, °K                    HT — X1298.15 5T — 0298,15 T,°K HT - HMS.IS ST -SJ9S,15 

cal /mol e cal./deg. 
mole 

cal ./mol e cal./deg. 
mole 

400            1070 3.08 1300  12,120. 17.29 
500           2190 5.58 1400  13,450 18.23 
600              3350 7.69 1500   ...... 14,800 19.21 
700           4530 9.51 1600  16,160 20.09 
800            5740 11.13 1700  17,530 20.92 
900            6970 12.57 1800  18,910 21.71 

1000            8220 13.89 1900  20,300 22.46 
1100                9500 15.11 2000  21,700 23.18 
1200          10,800 16.24 

ZnO (c) : 
Enthalpy :HT-H2M.,n =11.71T +0.6LX lO'T2 +2.18X lOT1-4277 

(0.4 percent ;298-2000°K) 
Heat Capacity :CP = 11.71 + 1.22 X lO-sT-2.18 X 105T-2 
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T, °K "T — Hjm.ij ST -öaoH.is T,°K HT - Hags.1fi ST — Sana.iTi 
cal./mole cal./deg. 

mole 
cal./mole cal./deg. 

mole 

400    . . . . 795 2.28 1000 5875 9.99 
500 1605 4.10 1200    . . . . 7630 11.59 
600 2435 5.61 1400 9390 12.95 
700 3285 6.92 1600 11,160 14.13 
800 4140 8.06 1800 12,930 15.17 
900    . . . . 5005 9.08 2000   . . . . 14,710 16.11 

ZnO (g): 
Enthalpy :HT-H298.15 = 8.40T +0.17 X lOT2 +0.82 X lOT"1 -2795 

(0.3 percent ;298-2000°K) 
Heat Capacity: G, = 8.40 + 0.34 X 10ST2 - 0.82 X 106T 2 

Heat Capacity, cal./deg./mole at 298°K: 

Temp, °K     20 30 50      100     450    200 

(solid) 9.62 

300     500     700 900 
Cp 0.17    0.60    1.98   4.24    6.22    7.20    9.66    11.2 

Also see equations above 
Decomposition Temperature, °K : 2250 ± 25 
Heat of Decomposition [to&i(g) and 0(g)] 

Kcal./mole: < 92 
Decomposition Products :toZn +0 (1673-1748°K) 
Vapor Pressure: 

11.8    12.3 

Approx. Press, mm. 0.1 1.2 3.5 12 760 
Temp.°C 1000 1400 1450 1500 1700 

For Dissociation Pressure vs. Temp, see Ref. 54V4 and 44V32 sup 
X-Ray Crystallographic Data : 

System Space Group a c Molecules/ Unit Cell 
hexagonal Qv 3.24265   5.1948 2 

Hygroscopicity: Absorbs H20 and CO, from air. The rate of absorption is 
greater the finer the oxide and increases with rising temp. 

Soiubility Data: In water: .00016 g./100 ml. at29°C 
In mineral acids, dilute acetic acid, NH4OH :        soluble 

Health Hazard: Slight to moderately toxic. Zinc oxide is relatively inert, and 
virtually harmless except when freshly formed. It is an eye irritant, how- 
ever, and should not be allowed to come into contact with the eyes. Fresh 
fumes of zinc oxide can cause "brassfounders ague" or "brass chills," etc. 
(See Zinc.) 
M.A.C. mg./m.3 of air for an 8hr. working day :   15 

44S32 sup 

44S32sup 
Addnl. Ref. 3 

Addnl. Ref. 1 

44S32 sup 

1 
93 

25 
29 

14 
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Zinc Oxide, ZnO (page 4) 

Safety Classifications: 
OSM: - not listed 
ICC: not listed 

Fire and Explosion Hazard: none listed 
Precautions When Handling: 

Handle carefully to avoid excessive "dusting." Keep work area clean, and 
wash hands frequently. 
Store in sealed containers away from acids. 
If it enters the eye, thorough washing of the eye in a bubble type fountain 
or inverted faucet will remove the irritating particles. Take the victim to a 
physician immediately for examination and further treatment. 

Electrostatic Sensitivity :   

Use in Pyrotechnics: A product of the burning or oxidation of zinc. Used in 
screening smoke compositions. 

Additional References : 
1) "Zinc Oxide Rediscovered," H. E. Brown, New Jersey Zinc Company, 

New York 
2) Ref.64 
3) "The Stability of Gaseous Diatomic Oxides," Brewer and Mastic, J. 

Chem. Phys., 19,834(1951) 
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ZINC STEARATE 

Formula: Zn (C,sHSr.O,)2 

Specification No.:   
Molecular Weight: 632.30 
Crystalline Form : Light powder, talc-like to touch, usually marketed as » fine 

powder about 300-325 mesh. 
Coior: white 
Density:   
Coefficient of Thermal Expansion :  . 
Heat of Formation:   •   
Free Energy of Formation :   
Entropy :   

Melting, Point:   .                     . .     ..    .,       , .  A  403°K il30°C), 
Melts to a clear water-white liquid and cools to a translucent glassy mass 
of crystalline appearance and which is easily powdered. 

Heat of Fusion:   
Boiling Point:  
Transition Point:   
Heat or Sublimation:   
heat Content or Enthalpy :   
Keat Capacity :   
Decomposition Temperature :   
Decomposition Products:   
Vapor Pressure:   
X-Ray Crystallographic Data :   
Hygroscopicity : nonhygroscopic 

(repels water) 
Solubility Data : 

In water, alcohol, ether : 
In benzene : 

insoluble 
soluble 

Temp. °C CH3OH Toluol 

25 
50 
75 

100 

0.04* 
0.06 
1.88 
6.56 

0.04* 
0.27 
1.98 
4.97 

*g.of stearate/100 e. solvent. 
For additional solubility data see Addnl. Ref. 3 

Inhalation öf the powder can lead to pulmonary inflammation. 
Safety Classifications : 

OSM : not listed 
ICC: not listed 

tief» 

lfi, Addnl. 
Ref. 1 

1 
Addnl. Ref. 1 

üldnl. Ref. 2 

2,29 
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Zinc Stearate (page 2) 

Fire and Explosion Hazard: 
Autoignition Temp., °F : 
Flash Point (open cup), °F 

Electrostatic Sensitivity: 
Use in Pyrotechnics: 

790 
530 

as a retardant,fuel, 
and binder 

Additional References: 
1) "Metallic Soaps—Their Uses, Preparation and Properties," W. F. Whit- 

more and M. Lauro,Ind. Eng. Chem.,42,646 (1930) 
2) "Aero Metallic Stearates," (pamphlet) American Cyanamid Co. (1960) 
3) "The Solubility of Zinc Soaps in Organic Solvents," E. P. Martin and 

R.C. Pink, J. Chem.Soc. 1750 (1948) 

12,71 

17 
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ZIRCONIUM, Zr 

Specification No.: PAPD-464 
Specification PAPD-464 covers two classes which differ in purity. A type 
of zirconium powder has been developed which is made by a new process, 
and has three granulations A, B, and C. This new type is covered by new 
specification FA-PD-MI-2364. Granulations A and B of this type are 
packed, shipped, and handled dry. Granulation C of this type is packed, 
shipped, and stored under water. 

Molecular Weight: 91.22 
Crystalline Form: cubic 
Color: The bulk metal is silvery white to grey. Efcy colloidal Zr and finely pul- 

verized Zr are black and resemble carbon in appearance. Coarser granula- 
tions are steel-grey in color and lock like crushed cast iron. 

Density, g./ml. : (solid) 6.49 
Coefficient of Thermal Expansion, linear : 

hexagonal, aform <298-1143°K)- —linear 
alongaaxLs: 65X10-4 

alongc axis: 10.8 X 10-« 
cubic, ß (1143-1600°K) : 9.7 X 10-» 

Range°C Coeff. (linear) 
-183 to 0 4.0-5.1 X 10-« 

0-20 4.6-5.9 X 10" 
20-200 5.4 X 10-9 

20-400 6.1 X 10 "• 
20-700 7.1 X 10-« 

Heat of Formation, Kcal./mole at 298°K:                 (gas) 125 
FHRP Energy of Formation, Kcal./mole at298°K :        (gas) 115 
Entropy, cal,/deg./gm, at 298°K : (c)       9.29 

(gas) 4331 
See Tables a and b 

Melting Point: 2125°K (1832°C) 
Heat of Fusion, cal./mole: 4000 
Boiling Point: 4650°K (4377°C) 

Ref. 39 gives 3577°C (3850°K) Other refs. vary appreciably. 
Jfefc of Vaporization, cal./mole: 139,000 

Transition Point, °K : 1135 

Heat of Transition, cal./mole : 920 
Heat of Sublimation, cal./mole : 146,000 
Heat Content or Enthalpy, cal./mok i at 298°K;        (solid) 1313 

See equations below 

Refs. 

1 
1, 28,29 

39 
28,39,50V15 

27 

5 
5 
5 
5 
5 
5,Addnl. 

Ref. 2 
2 
5 
5 
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Xircom um, Zr (page 2) 

4 

T,°K HT - Hn2n.n1 Or -Sn2((.ir, T.°K           HT-HMH.K. ST- S«28.ir> 
cal./mole cal./deg. 

mole 
cal./mole cal./deg. 

mole 
100   .... 650 1.87 1600  10,680 12.98 
500    .... 1330 3.39 1700  11,470 13.46 
600    .... 2030 4.66 1800  12,260 13.91 
700    .... 2730 5.76 1900  13,050 14.33 
8Ö0    .... 3460 6.72 2000  13,840 14.74 
900    .... ■4200 7.59 2100  14,630 15.12  . 

1000    .... 4980 8 41 2130 (c)  . . . 
2130 (1)   ... 
2200  

14 870 15 24 
1100    .... 5800 9 20 19,770 

20,330 
17 54 

1135  (a)   .   . 6090 9.46 17.80 
1135 iß)  . . 7005 10.26 2400  21,930 18.49 
1200   .... 7520 

8310 
10.70 
11.33 

2600  
2800  

23,530 
25,130 

19 13 
1300   .... 19.72 
1400   .... 9100 11.92 3000  26,730 20.28 
1500    .... 9890 12.47 

Zr ra;: 
Enthalpy: HT- -tl298.15 = 6.50T + 0.71X10ST2 -f 0.82 X10»T-1 -2276 

(0.7 percent; 298-1135°K) 
Heat Capacity :Ge^= 6.50 +1.42 X 10 3T-0.82 X 105T2 

Zr iß) : 
Enthalpy : HT - -H„,u,=7.90T -1960 (0.1 perce nt;1135-2130°K) 

A H2]30 (fusion) = 4900 
.     Zr(1): 

Enthalpy : HT - -H29(M5 =8.00T + 2730 (0.1 percent ;2130-3000°K) 

b HEAT CONTENT AND ENT ROPY OF Zr (g) 4 
(Base, ideal gas at 298.15°K) 

T, °K HT — H20R.15 
cal./mole 

ST — Ss2R.ir. 
cal./deg. 

mole 

T,°K HT — H20H.1.-1 
cal ./mole 

ST — SI)28.I-I 

cal yd eg. 
mole 

400    ... 665 1.92 1900   . . . 10,325 11.92 
500 1325 3.39 2000   . . . 11,025 12.28 
600     ... 1980 4.58 2200   . . . 12,450 12.96 
700    ... 2620 5.57 2400    . . . 13,905 13.59 
800 3245 6.40 2600    . . . 15,390 14.18 
900   ... 3870 7.13 2800   . . . 16,900 14.74 

1000    . . . 4475 7.78 3000   . . . 18,435 15.27 
1100 5085 8.36 3500   . . . 22,410 16.50 
1200   . . . 5705 8.90 4000   . . . 26,575 17.61 
1300 6335 9.40 4500   . . . 30,925 18.63 
1400    . . . 6970 9.87 5000   . . . . .        35,430 19.58 
1500    .  . . 7620 10.32 6000   . . . 44,750 21.28 
1600    . . . 8280 10.75 7000   . . . 54,235 22.74 
1700   . . . 8950 11.15 8000   . . . 63,645 24.00 
1800    . . . 9630 11.54 
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Zirconium, Zr (page 3) 

Zr (if) : 
Enthalpy :HT-H2M.„ =7.01T-0.35X 10 aT2 +0.38 X 105T ' -2186 

(0.7percent; 298-1400°K) 
Heat Capacity :C„ = 7.01-0.70X 10"8T -0.38 X 105Ta 

Enthalpy :HT-H298 1B = 5.59T +0.36 X 103TS- 0.50 X 10BT'-1631 
(0.3percent ;1400-6000°K) 

Heat Capacity :CP =6.69 +0.72 X 10-T +0.50X 108Ta 

Heat Capacity, cal./deg./mole at 298°K: (liquid) 8.00 
(a form) 6.01 
(ß form) 7.90 

c. HEAT CAPACITY OF Zr 

(Solid 1,298-1143°K ; Solid II, 1143-2125°K; 
Liquid, 2125-3000°K) 

 T,°K Cg (cal./deg./mole) 

298 ÜÖL 
400 6.35 
600 6.83 
800 7.34 

1000 7.79 
1100 8.01 
1200 6.79 
1600 - 7.43 
2000 8.07 
2100 8.23 
2200 
to 

 3000 a^oo  

See also equations above 
Decomposition Temperature :   
Decomposition Products :   
Vapor Pressure : For 1949-2054°K the following equation holds : 

logP (atm.) = -31,066/T +7.3351 -2415X 10 4 (where J = absolute temp. 

Press, atm. 1Q-* 10j« 10_f 1 
Temp. °K 2450 2700 3000 3850 

-Ray Crystallographic Data : 

System          Space Group 
hexagonal               Dlh 
cubic                       ®i 

ygroscopicity : 

a          c 
3.223    5.123 
3.6L 

Molecules/ Unit Ceü 
2 1 

28 

Solubility Data: Insoluble in water. Soluble in HF, aqua regia, hot phosphoric 
acid. Slightly soluble in acids. 
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Zirconium, Zr (page 4) 

Safety Classifications: 
OSM: 
ICC: 

(dust) class 1 
flammable solid ; 

yellow label 
Fire and Explosion Hazard: Dry Zr powder or sponge is a pyrophoric solid 

liable to spontaneous combustion and burns in air with intense heat. It 
may explode particularly in the presence of water due to evolution of 
hydrogen. The explosive range of dust clouds of Zr powder in air is about 
45 to 300 mg./l. The range of fire and explosion is increased by heat and 
the presence of oxidizers. 
Caution: Do not use water to fight fire. Use special mixtures of dry chem- 
ical salt, dry sand, or powdered talc. Use only nonsparking tools for repair 
or maintenance in storage areas. 

Health Hazard: Zirconium powder is believed to benontoxic. Zirconium and its 
alloys explode when treated with nitric acid. 
M.A.C.,mg./m.s: 5 

Precautions When Handling : 
Zirconium powder (PAPD) is shipped and stored wet' In no case should it 
be shipped and stored in anything larger than a one-gallon can, nor should 
the moisture content be reduced to less than 25 percent by volume. Powder 
containing 5-15% water is extremely dangerous. When once ignited, it 
burns even more violently than the dry powder. All operations with the 
powdered metal must be performed in an inert atmosphere, and persons 
working with it require protective clothing including gloves and face pro- 
tection. Waste zirconium powder, rags, and other materials that have come 
in contact with it must be segregated from other wastes, immersed in 
water, and disposed of at once. At ordinary temperature Zr is not very reac- 
tive as a thin protective coating of oxide on the surface is formed. 
Zr readily combines with oxygen and the rate is appreciable at 200°C. The 
energy of activation of the reaction has been determined as lß.2Kcal,/mole 
and the entropy of activation as -25.6cal./mole. 
Zr combines not only with oxygen, but also with nitrogen, carbon, and 
silicon. 
At high temperatures Zr burns with a brilliant white light. When the hot 
metal is treated with steam at 700-800°C, free hydrogen is evolved. 

Autoignition Temperature : 500°F 
See FA-PD-M 1-2364 for handling the new type of Zr. 

Electrostatic Sensitivity (minimum energy required for ignition of powder by 
electric sparks, millijoules): (dust cloud) 5 

(dustlayer) 0.001 
Use in Pyrotechnics: As a fuel, and a component of nongaseous fuze powders. 

Additional References : 
1) "The Explosive Characteristics of Titanium, Zirconium, Thorium, 

Uranium and Their Hydrides," I. Hartmann et al., Bureau of Mines, 
RI4835 (Dec. 1951) 

2) "Metallurgy of Zirconium," B. Lustman and F. Kerze, Jr., McGraw-Hill 
Bock Company, New York (1955) for data on the various physical 
properties of Zr. 

12,14,15, 
26,28 

49, 51,75 

93 

12 

28 

16 

39 

75 

26 

17 
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ZIRCONIUM HYDRIDE, ZrH2 (not a definite chemical) 

Zirconium readily absorbs hydrogen even at room temperature, forming 
brittle, metallic-like materials whose compositions vary with the amount of 
hydrogen absorbed and approach ZrHs as the limiting maximum hydrogen con- 
tent. The absorption is reversible and at constant pressure decreases with 
increasing temperature. The optimum temperature for absorption of H by Zr 
is given as 300°C. However, the data of Addnl. Ref. 4 show a higher absorption 
at 20° and 150°C, i.e., 24,000 cc. at S.T.P.per 100 g. of metal and 23,700 ec. at 
300°C. The absorption of H by Zr is exothermic and results in a large increase 
in volume, approximately 15%. The absorbed H2 is completely liberated at about 
800°C. Absorption depends to some extent on the surface condition of the Zr. 

Zirconium hydrides have been prepared by 
1) Heating the prepared metal with H2, 
2) Forming the metal in the presence of H2. 
3) Treating Zr02 with CaH2 at 600-1000° in an atmosphere of H2. 

Although Zr and H2 do not form definite compounds, five well-defined 
crystal phases of the two are recognized. These have been designated a, ß, etc. 
The £ phase is a face-centered tetragonal phase which includes the range frcm 
ZrH 1.67to.close to ZrH2, and corresponds to about 66.7 atom % of H4, 
Specification No. : MIL-Z-21__3 
Molecular Weight: 93.24 
Crystalline Form : powder 1 
Color: dark grey to black 1,29 
Density, g./ml. : (solicä) 5.6 

5.74 
12 
50V15 

Coefficient of Thermal Expansion :   
Heat of Formation for ZrHi.M, Kcal./mole: 38.9 50V15 
Free Energy of Formation: _____ 
Entropy : 
Melting Point: _____ 
Heat of Fusion : 
Boiling Point:   
Transition Point : 
Heat of Sublimation: 
Heat Content or Enthalpy : 
Heat Capacity: 
Decomposition Temperature : 
Decomposition Products : 
Vapor Pressure : 

apparent above100°C 
hydrogen driven off 

Refs. 

28, 39, Addnl. 
Ref.l        / 

28 
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Zirconium Hydride, Zrlif3 (page 2) 

X-Ray Crystallographic Data (for a hydrogen content approaching ZrH3) 

Space Group 
Molecules/ 

Unit Cell 
28 
Addnl. Ref. 3 
44542 

System apace (jroup      a c 
tetragonal 4.364    4.440 
tetragonal (Sphase) 3.513   4.450 4 

Hygroscopicity:   
Solubility Data :   
Health Hazard :   
Safety Classifications :   

OSM : not listed 
ICC: not listed 

Fire apd Explosion Hazard : Dangerous, due to evolution of hydrogen. At higher    12, 39 
temperatures ZrH2 reacts with oxygen and with oxygen containing com- 
pounds. It may ignite and explode with water. 
See also Ref. 44V42 

Electrostatic Sensitivity (minimum energy required for ignition of powder by 
electric sparks, millijoules) : (dustcloud) 60 

(dust layer)     .064 26 
Activation Energy, at 1 atm., cal./mole : 17,200rt 200 17 
Use in Pyrotechnics: in igniting flares and as 

a fuel 
Minimum Explosive Concentration of Zirconium Hydride Powder, mg./l. : 26 

See Also Addnl. Ref. 1 85 

Autoignition Temperature, 300-600°C (dust cloud) 350 
(dust layer) 270 

Additional References : 
1) T. B. Douglas and A. C. Victor, J. Research N.B.S. 61,13 (195&i. 
2) '"The Explosive Characteristics of Titanium, Zirconium, Thorium, 

Uranium and Their Hydrides," I. Hartmann et al., Bureau of Mines. 
RI4835 (1951) 

3) "The Crystal Structures of ThHs and ZrH4", R, Rundle et al., Z, Phys. 
Chem. 11B, 433 (1931) 

4) Hall et al., Tran. Far. Soc. 41,306 (1945) cited in Ref. 40 

28,26 
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&IRCONII M-NICKEL ALLOY (I><m<I<-r<-d) lit fa. 

Formula: 

Specification No.: 

(Spec.) Zr/N:70/:J0 
and 30/70 

MIL-Z-lMluA 

cubic 
silver while to grey 
(solid) 6,1 

The specification covers two types. Typo I is a 70/:»» ami Typo II a 30/70 
Zr/Ni alloy. 

Molecular Weight:   
Crystalline Form : 
Color: 
Density, g./ml. : 
Coefficient of Thermal Expansion : 
Heat of Formation : 
Free Energy of Formation : 
Entropy: 
Melting Point: 
Heat oi Fusion: 
Boiiing Point: 
Transition Point: 
Heat of Sublimation: 
Heat Content or Enthalpy: 
Keac Capacity: 
Decomposition Temperature: 
Decomposition Products: 
Vapor Pressure: 
X-Ray Crystallographic Data: 
Hygroscopicity : 
Solubility Data: 

Health Hazard:   
Safety Classifications: 

OSM: (dust) MUSS2 
ICC: not listed 

Fire and Explosion Hazard: The specification requires that the alloy be packed 
in heat sealed inert plastic liners, such as polyethylene, in new clean metal 
containers. 

Electrostatic Sensitivity:   
Use in Pyrotechnics: 

resistant to acids and 
aii:alifb 

as a fuel; a 
vigorous deoxidizer 

Additional References 

1)   For the Zr-Ni system up to 40f/f 'Si see E. T. Hayes et al., "The Zii 
conium-nickel diagram,   Trans. Amer. Soc. Metals, ,$    893 (1953) 

.% 
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